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GENERAL INTRODUCTION 
Haanophilus sannus (H. sannus), a gram-negative, pleomorphic 
coccobacillus was discovered 26 years ago as the etiological agent of 
infectious thromboanbolic meningoencephalitis (TEME) in cattle. In 
recent years, H. sannus has also been implicated as a causative agent 
of calf pneumonia and bovine reproductive diseases (endmetritis and 
abortion). 
Very little is known about the virulence factors of jj. sannus and 
the mechanians whereby H. sannus overcones the host defense system and 
causes disease. Since neutrophils are considered as one of the major 
cell types in protecting animals fran bacterial infection, it is 
important to know whether H. sannus can interfere with the functions 
of a normal bovine neutrophil. Our previous studies have demonstrated 
that live s annus cells inhibit myeloperoxidase-med iated hydrogen 
perox ide-halide-dependent antimicrobial activity (measured by 
iodination of protein) and Staphylococcus aureus ingestion by bovine 
neutrophils. Much of the suppressive activity resides in two 
fractions isolated by heat-extraction of washed H. sannus cells and 
partially purified by ultrafiltration. One fraction, which is 
retained by a membrane with molecular weight cutoff of 300,000, 
inhibits both iodination and ingestion by bovine neutrophils. Another 
fraction, which passes through a membrane with molecular cutoff of 
1,000, inhibits iodination only. The suppressive components present 
in this small molecular weight fraction can hardly be immunogenic due 
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to their extremely small size. These suppressive components 
presunably remain undetected by the host immune system during the 
course of infection. The ability to impair the antimicrobial function 
of neutrophils and the lack of immunogenicity of the suppressive 
components present in the snail molecular weight fraction make these 
suppressive components good candidates for virulence factors of H. 
somnus. 
The primary objective of the experimentation reported here, was to 
identify the suppressive components present in H. sannus fractions. 
The elucidation of the identities of the suppressive components will 
not only facilitate an understanding of inhibition of neutrophil 
functions at the molecular level but also facilitate the development 
of strategies to reverse the suppressive effect exerted by H. somnus 
on bovine neutrophil functions. 
An alternative format is used for this dissertation. A literature 
review precedes the first manuscript and a general summary follows the 
last manuscript. The references cited in each manuscript are listed 
in "Literature Cited" at the end of each manuscript v^ ile the 
references cited in the literature review are listed in "Literature 
Cited" at the end of the dissertation. 
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LITERATURE REVIEW 
Virulence Factors Associated with Haemophilus sonnus 
So far, no specific virulence factors of H, soronus have been 
defined at the molecular level. Nivard et al. (145) described three 
different colonial variants of H. scmnus as translucent, small opaque, 
and large opaque. The translucent and small opaque variants were more 
virulent than the large opaque based on LD^Q studies in embryonated 
eggs (145). Furthermore, the translucent and small opaque variants 
were significantly more adherent to bovine epithelial turbinate cells 
than was the large opaque variant (209). Colonial variants of H. 
sonnus were also reported by Corboz (33). When comparing isolates of 
H. sonnus obtained fron animals with H. sonnus associated diseases and 
isolates fron normal animals, no morphological, cultural, biochemical 
and electrophoretic (polyacrylanide gel) differences could be detected 
by Corboz and Wild (34). Thus, the authors suggested that isolates 
from any organ must be considered as pathogenic. However, strain 
differences of H, somnus in inducing TEME were observed by several 
investigators (89). Thus, H. somnus strains that induced severe TEME 
were designated as "encephalopathic strains" tAile H. sonnus strains 
that produced mild meningitis with recovery were classified as "non-
encephalopathic strains", Humphrey and Stephens suggested that 
encephalopathic strains might possess a factor which enabled these 
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strains to resist the killing by neutrophils thereby overcoming the 
host defense systan (89). Recently, Groan and Little compared the 
virulence of three different isolates of H. somnus in inducing calf 
pneumonia (S. C. Groom and P. B. Little, 66th Annu. Meet. Conf. Res, 
Workers Anim. Dis., abstr. no. 239, 1985). The lung isolate but not a 
brain isolate or genital isolate produced prominent bronchopneumonia 
in calves. 
Interaction of Haemophilus somnus with Bovine Serum and Neutrophils 
Pennell and Renshaw reported that somnus were resistant to the 
bactericidal effect of normal bovine serim or complement (154). 
However, when antiserums against various fractions of H. somnus were 
used in addition to a complement source, killing of jj. sonnus was 
observed (154). Adult bovine serums have been demonstrated to be 
bactericidal to H. somnus (186). In contrast, serums from young 
animals with low antibcx3y titers to H. somnus were less effective in 
killing H. somnus. The bactericidal activity was complement 
dependent, but the concentrations of antibody to H. somnus appeared to 
be the limiting factor (186) . While the susceptibility of H. sonnus 
to the bactericidal activity of adult bovine serums has been reported, 
resistance of some H. somnus strains to the bactericidal effect of 
adult bovine serums has also been documented (89, 187). 
In the absence of specific antibodies and complement, neutophils 
were unable to phagocytose or kill H. somnus (154). Killing of H. 
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somnus by bovine neutrophils occurred when complement and antiserums 
against whole cell, protein and sonicate antigens of H, scmnus were 
present in the reaction mixture. In contrast, Czuprynski and Hamilton 
recently reported that bovine neutrophils failed to kill ingested H. 
somnus (44), The authors suggested that the survival of H. somnus in 
bovine neutrophils might be, in part, due to the reduced oxidative 
burst measured by chemiluminescence during the phagocytosis of 
opsonized H. s annus. Since luminol-enhanced chemiluminescence used by 
Czuprynski and Hamilton is a reaction mediated by myeloperoxidase 
(45), the survival of ingested H. scmnus in bovine neutrophils is 
probably due to the suppression of degranulation as we demonstrated 
recently (88), rather than reduced production of oxygen metabolites. 
In addition to the suppression of degranulation, we also 
demonstrated that H. scmnus live cells and a heat-extracted fraction 
inhibited the ability of bovine neutrophils to ingest aureus (88). 
Since H. somnus inhibits both phagocytosis and degranulation (a 
process related to antimicrobial activity), it is pertinent to review 
the mechanians of phagocytosis and microbicidal events and how 
microbes overcome these important functional activities of the 
neutrophil. Although the neutrophil is the cell of emphasis, studies 
involving other phagocytic cells (monocytes and macrophages), which 
are important to the understanding of the mechanisms of phagocytosis 
and microbicidal events and of the interaction of phagocytic cells 
with microbes in general, will be discussed. 
6 
Mechanisms of Phagocytosis 
Phagocytosis is a process which involves the attachment and 
ingestion of particles by phagocytic cells. The attachnent step can 
occur without the expenditure of energy. It involves the close 
contact between the plasma membrane of phagocytic cells and the 
particle surface. The ingestion step involves the surrounding of the 
particle by extended pseudopods of phagocytic cells and the fusion of 
the leading edges of pseudopod plasma motibrane, vAiich results in the 
enclosure of the particle in a phagocytic vacuole (phagosome). This 
step utilizes energy derived primarily from anaerobic glycolysis 
(except alveolar macrophages). 
Several studies have suggested that either the net surface charge 
or the hydrophobicity of a particle in comparison with that of the 
phagocyte determines whether or not the particle can be phagocytosed 
(130, 148, 157, 202). Therefore, encapsulated microorganisms are 
resistant to phagocytosis due to the hydrophilie nature of the 
capsule. Specific anti-capsule antibody and complement render the 
encapsulated microorganisms more ingestible because antibody and 
complement make the surface of microorganian more hydrophobic (201, 
203). However, a recent study demonstrated that a hydrophobic surface 
was neither necessary nor sufficient for phagocytosis of Cryptococcus 
neoformans cells by mouse macrophages (103). Opsonization of 
encapsulated yeast cells with a small amount of anticapsular serum had 
little effect on the hydrophilic character of the encapsulated cells 
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but these opsonized cells were readily ingested by macrophages. It is 
still possible that the surface character of some particles (e.g., 
polystyrene latex beads) may determine their ingestiblity and the 
ingestion of such particles is not mediated by receptors on 
phagocytes. However, there is ample evidence indicating that the 
ingestion of a majority of particles, including microorganisms, by 
phagocytes is mediated by the interaction of specific surface 
receptors on phagocytic cells with the ligands present on the surface 
of particles. 
Receptors which mediate phagocytosis 
There are two major types of receptors on the plasma membrane of 
neutrophils, monocytes and macrophages that are involved in mediating 
the attachment and the ingestion of opsonin-coated microorganisms or 
particles. The first type is the receptor for Fc portion of IgG. Two 
lines of evidence indicate that the attachment of igG-coated particles 
to the phagocytic cell surface is mediated by binding of the Fc 
portion of IgG molecule to the Fc receptors (FcR) on a phagocytic cell 
(73). First, Fc fragment, but not Fab fragment, of IgG can canpete 
and thus interfere with the attachment of IgG-coated particles. 
Secondly, receptors which bind specifically to the Fc portion of IgG 
have been isolated from the plasma membrane of phagocytic cells. 
Three distinct classes of FcR have been described for mouse 
macrophages (49, 73). The first one binds to mouse IgG2a (FcR I), is 
sensitive to trypsin and mediates the attachment of IgG-coated 
particles but probably not the ingestion of such particles. In 
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contrast, FcR II recognizes IgGl and IgG2b, is resistant to trypsin 
and promotes both the attachment and the ingestion of IgG-coated 
particles. The third one (FcR III) binds to IgG3 and resembles FcR 
II in that it is resistant to trypsin and mediates both attachment and 
ingestion. Two distinct FcR for IgG have also been identified on and 
isolated frcm human neutrophils and monocytes (2, 60, 106, 123, 124). 
One has a molecular weight (MM) of 51-73 k daltons (KD) and binds 
preferentially to hutian igGl and lgG3 or murine IgG2a (2, 60); another 
has a r# of 40 KD and has lower affinity for human IgG and recognizes 
murine IgGl (123, 124). So far, a FcR for IgM has not been detected 
on either human or murine phagocytic cells. However, it was reported 
that bovine polymorphonuclear leukocytes (PMNs) had FcR for IgM as 
well as for IgG (72). Recently, serum IgA which had specificities for 
Pseudomonas aeruginosa or group C meningococci, in conjunction with 
mononuclear phagocytes, was found to be highly effective in 
opsonophagocytosis of those bacteria (125, 159). Furthermore, 
complonent components were not required for effective 
opsonophagocytosis (125, 159). Thus, the results frcm those two 
studies suggest that hman mononuclear phagocytes may have FcR for 
igA. 
The second major type of receptor on the plasma matibrane of 
phagocytic cells, which is important in mediating phagocytosis, is the 
receptor for the fragments of the third component of complement (C3). 
Similar to FcR described above, four distinct classes of receptors 
specific for particle-bound C3 fragments have been identified (for 
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review see reference 176). These receptors have been termed, 
according to the order of identification, as CRl, CR2, CR3, and CR4. 
CRl is the receptor for C3b and C4b, CR2 and CR4 are the receptors for 
C3dg or C3d, and CR3 is the receptor for C3bi. CRl and CR3 have been 
identified on and isolated from phagocytic cells as well as other cell 
types. The existence of CR4 on phagocytic cells has been postulated 
but is not yet uniformly accepted. CRl is a single-chain molecule 
with a MW of 205 KD. In contrast, CR3 exists as a two-chain molecule 
with a beta-chain (95 KD) linked noncovalently to an alpha-chain (165 
KD) (176). 
Several factors have been shown to affect the expression of C3 
receptors or FcR on phagocytic cells (13, 14, 55, 57, 228). Human 
monocytes treated with purified human gamma interferon showed a 
transient down regulation of CRl expression; however, an increased 
expression of FcR and unaltered expression of CR3 occurred 
concomitantly with the reduced expression of CRl (55). The reduced 
CRl expression was not due to internalization, because total cellular 
levels of CRl (plasma membrane and intracellular pool) also decreased 
in response to gamma interferon. On the other hand, increased 
expression of CRl and CR3 with unaltered FcR expression was 
demonstrated in vitro (13, 14, 57) or in vivo (228) on human 
neutrophils exposed to chemotactic factor, supernatant from a 
lynphoblastoid cell line, or even processes used to purify neutrophils 
from the whole blood. The increased expression of CRl and CR3 seamed 
to involve the translocation of preformed receptors from an 
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intracellular pool since the increased expression was completed within 
minutes and was not blocked by puromycin or cycloheximide (14). 
Several lines of evidence suggest that the intracellular pool of CR3 
resides in the specific granules of human neutrophils and, following 
the stimulation of neutrophils, degranulation of specific granules 
results in the increased expression of CR3 on cell surface (152, 199, 
228). The intracellular pool of CRl remains to be defined. 
Receptors other than FcR and C3 receptors on phagocytic cells have 
been demonstrated to mediate the attachment or the subsequent 
ingestion of several different microorganisms. Human neutrophils 
possess mannose-containing receptors which can bind Escherichia coli 
(155, 183) or P. aeruginosa (194) and ingest these bacteria (183, 194) 
in a mannose-inhibitable manner. Type 1 fimbriae on E. coli are 
responsible for the interaction; however, attachment mediated by type 
1 fimbriae does not ultimately lead to ingestion (150). Whether the 
attached bacteria are being ingested or not depends on their 
underlying physico-chemical surface properties (i.e., the presence or 
the absence of K antigen). A mannose-sensitive adhesin other than 
fimbriae on coli is also involved in the ingestion by neutrophils 
(19, 132). Cytophilic IgG on human alveolar macrophages was reported 
to mediate the binding and the ingestion of protein A-positive 
staphylococci (204). The interaction of cytophilic IgG on macrophages 
with protein A on aureus is probably responsible for the opsonin-
independent phagocytosis of S. aureus by human alveolar macrophages 
(81). 
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Roles of Fc and C3 receptors in phagocytosis 
It has been known for semetime that Fc and C3 receptors on 
phagocytic cells have separate but synergetic functions (54, 134, 135, 
142, 179, 205), The primary role of C3 receptors is to promote 
efficient particle-cell attachment v^ ile the primary role of FcR is to 
trigger the ingestion of particles. Fc receptors are rather 
inefficient in promoting particle-cell attachment. Thus, C3 receptors 
mediate the close contact between the phagocyte and a particle coated 
with C3 and IgG thereby allowing binding of IgG to FcR to take place; 
this in turn triggers ingestion of the particle. 
Although the primary role of C3 receptors is to mediate 
attachment, several studies have demonstrated that C3 receptors, 
especially those of mononuclear phagocytes, can be activated to 
promote particle ingestion subsequent to the attachment. Thus, murine 
peritoneal macrophages do not ingest C3-coated erythrocytes, but 
macrophages elicited by thioglycollate (17, 137) or macrophages 
activated by a lymphokine derived from T-cells (74, 75) readily 
ingested C3-coated erythrocytes. Similarly, human PMNs, monocytes, 
and cultured monocytes do not ingest particles coated with C3b or 
C3bi, but monocytes, and cultured monocytes treated with iitmobilized 
fibronectin (Fn) or serum amyloid P canponent do ingest C3b- or C3bi-
coated particles (160, 220, 222, 226). The mechanism of action of Fn 
on C3 receptors of cultured monocytes is unique in two respects: 
first, immobilized Fn but not soluble Fn activates monocyte C3 
receptors; secondly, stimulation of segments of the plasma membrane of 
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cultured monocytes by substrate-bound Fn activates C3 receptors at 
remote segments of plasma membrane (e.g., basal vs apical). 
A monoclonal antibody and its Fab fragments which interfere with 
the binding betvreen monocytes and substrate-bound Fn, have been 
demonstrated to react with a 110 KD membrane protein on human 
monocytes and PMNs (86). This mennbrane protein presumably is the 
receptor that mediates Fn-phagocyte interaction. Furthermore, a 
recent study has demonstrated that interaction of the culture-derived 
macrophages with a domain of Fn containing arginine-glycine-aspartic 
acid-serine is critical for the Fn effect on CRl-mediated 
phagocytosis; however, other domains of the Fn molecule may have a 
role in enhancing the Fn-phagocyte interaction (20). 
Although Fn does not activate C3 receptors of freshly isolated 
human neutrophils to promote ingestion, the same substance can 
activate C3 receptors of neutrophils exposed to chanotactic factors 
(161). In addition, C3 receptors of human neutrophils (220, 223) as 
well as those of monocytes (222, 225) can be activated by phorbol 
myristate acetate (PMA). Thus, results fran those studies described 
above indicate that C3 receptors of phagocytic cells exist in one of 
two states: receptors in the "inactive" state mediate attachment but 
not ingestion vAereas receptors in the "active" state mediate both 
attachment and ingestion (226). 
Despite aforementioned findings that inactive C3 receptors do not 
mediate ingestion by phagocytes, several studies have demonstrated 
that C3 receptors alone can mediate the ingestion of C3-coated 
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microorganians or C3-coated zymosan (8, 26, 51, 56, 85, 105, 122, 167, 
196). The investigators who demonstrated the independence of IgG in 
the ingestion of C3-coated encapsulated bacteria or yeast cells used 
hypogammaglobulinemic serum (51), normal serum (105), or IgM fraction 
of iitsnune serum (26, 85, 122) in their assay systems. It is possible 
that a small but sufficient quantity of IgG was still present in these 
alleged IgG-free serum preparations. Thus, the interaction between 
FcR and IgG but not the interaction between C3 receptor and C3 
triggers the ingestion process. Several investigators demonstrated 
that particles coated with IgG and C3b could be readily ingested by 
phagocytes; however, even attachment of particles to phagocytes failed 
to occur when particles coated with the same quantity of IgG alone 
were used (54, 134, 179). 
The ingestion of C3-coated unencapsulated bacteria (8, 85, 167, 
196) or of C3-coated zymosan (56) by neutrophils probably can be 
explained by a mechanian which involves receptors independent of FcR 
and CRl. Several studies have indicated that neutrophils or monocytes 
possess receptors on their plasma matibrane that recognize and mediate 
the ingestion of particulate activators of the alternative complement 
pathway (e.g., zymosan and rabbit erythrocytes) (43, 171). In 
addition, results from several studies suggested that CEt3 might 
contain two functional epitopes: one for avid binding of C3bi-coated 
particle and one for binding and ingestion of zymosan or rabbit 
erythrocytes but not for binding of C3bi-coated particles (175, 176). 
It is possible, therefore, that CRl or CR3 (epitope for avid binding 
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of C3bi) on phagocytes are merely involved in bringing the close 
contact of C3-coated unencapsulated bacteria (many of than can 
activate complement via the alternative pathway) or C3-coated zymosan 
to the phagocytic cells. This close contact betvreen particles and 
phagocytes allows the receptors independent of FcR and CRl to interact 
with the intrinsic ligands on the surface of attached unencapsulated 
bacteria or zymosan, which in turn results in the triggering of 
ingestion. 
Factors involved in the ingestion process 
Although the knowledge about receptors on the phagocyte membrane 
is rapidly growing, little is known about how the ingestion process is 
initiated after attachment of a particle bearing C3 and/or IgG to 
appropriate receptors on phagocytic cells. Several biochemical 
changes such as increased intracellular cyclic adenosine monophosphate 
(cAMP) level, activation of esterase or protease, and methylation have 
been suggested to be necessary in order for ingestion to proceed (73); 
however, conclusive identification of the biochemical pathway 
mediating the initiation of ingestion is yet to be established. 
Despite the lack of understanding of the biochemical pathway involved 
in ingestion, several factors involved in the process are now 
recognized. 
In a series of studies, it was danonstrated that repeated 
receptor-1igand binding was required during the ingestion phase of 
phagocytosis (73). Ingestion would not occur if particles were 
partially coated with IgG and C3b on only a portion of the particle 
15 
surface or FcR lying outside the zone of particle attachnent were 
specifically blocked. 
In addition to the repeated receptor-1igand interaction, several 
studies demonstrated that the mobility of FcR and C3 receptors within 
the plane of the mouse macrophage plasma membrane correlated well with 
the ability of those receptors to promote ingestion (76, 137). 
However, a recent study indicated that C3 receptors of human monocytes 
were mobile; nevertheless, without the stimulation by PMA, these 
receptors did not mediate ingestion of C3-coated particles (225). 
Therefore, these investigators suggested that the mobility of C3 
receptors might be necessary but was not sufficient for C3 receptor-
mediated ingestion to occur. 
The redistribution on the surface of neutrophils of CRl that had 
been cross-linked with F(ab')2 anti-C3b receptors was documented and 
the redistribution was inhibited by chlorpromazine and cytochalasin D 
(91). Also, FcR CO-redistributed with the cross-linked CRl and 
capping of FcR induced by aggregated hunnan igG caused an overlapping 
topographic rearrangement of unoccupied CRl (91). It is not known if 
the mobility of FcR and C3 receptors on neutrophils is required for 
particle ingestion by neutrophils. Furthermore, the findings of co-
redistribution of FcR and C3 receptors on neutrophils are in contrast 
to those reported for macrophages in that C3 receptors and FcR on 
macrophages move independent of one another (137) and that FcR, in its 
unligated forms, is not linked to the macrophage cytoskeleton (136). 
Microfilaments and microtubules form the cytoskeleton of 
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phagocytes. Microfilaments are polymers of actin v\rtiich is a 
contractile protein and comprise about 10% of the total protein of 
phagocytes (227), Yin and Stossel have proposed a model in which 
actin, together with a nunnber of other interacting proteins, 
constitutes the machinery of ingestion and calcium ions play a 
regulatory role in the system (227). According to this model, actin 
filaments cross-linked by actin-binding protein exist as a gel. Myosin 
dispersed among the actin filaments contracts the filaments in the 
presence of adenosine triphosphate (ATP). Therefore, the interaction 
of actin with actin-binding protein and myosin explains the generation 
of motive force and the energy-dependence of phagocytosis. 
Furthermore, the disassembly of the gelled network is mediated by 
activated gelsolin, a protein which breaks actin filaments at cross-
linking sites. When calcium concentration reaches a critical level (2 
X 10""^  M) , gelsol in is activated. When calcium concentration is below 
the critical level, gelsolin becomes inactivated and the actin 
filaments re-polymerize again. Yin and Stossel suggested that gel-sol 
transformation of peripheral cytoplasm provided the directionality of 
movement (from less-gelled to more highly gelled regions). 
Thus, the model proposed by Yin and Stossel delineates the 
ingestion process and can be described as follows: Attachment of a 
particle to appropriate receptors on the phagocyte plasma membrane 
causes the release of actin-binding protein from the membrane and 
possibly the local decrease in calcium concentration, which results in 
the formation of rigid gel around the region of particle-cell contact. 
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This highly gelled network draws more actio filaments from surrounding 
areas including the lateral regions to the point of particle-cell 
contact. Since some of these filanents are attached to the plasma 
msnnbrane and the entire gelled network is under tension due to 
contraction by myosin, these events cause the plasma membrane at the 
particle-cell contact to "sink" with concomitant bulging out of 
membranes lateral to the contact point resulting in the formation of 
pseudopods. In the meantime, the calcium concentration at the initial 
particle-cell contact gradually rises back to the critical level 
probably due to the diffusion of calcium ions from the intracellular 
pool and the gelled network begins to dissolve. New membrane-par tide 
contacts due to the pseudopod formation cause the actin filaments to 
gel, which in turn draw filanents from the adjacent cytoplasm as well 
as from the disassembling network at the region of initial contact. 
The ultimate enclosure of the particle, therefore, is due to the 
cycling events of: (1) new menbrane-particle contacts, (2) local 
decrease in calcium concentration, (3) polymerization of actin 
filaments, (4) drawing of peripheral less-gelled actin filaments to 
the highly gelled network. 
Microbial Interference with Phagocytosis by Neutrophils 
It has been known for years that the encapsulated bacteria are 
more virulent than their unencapsulated counterparts with the presence 
of the antiphagocytic capsule contributing to the virulence of 
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encapsulated bacteria. As mentioned earlier, some investigators 
hypothesized that the antiphagocytic effect of the capsule was due to 
its apparent hydrophilic nature (130, 148, 157, 202), although 
evidence against this hypothesis has been documented (103). Two other 
plausible mechanians have been proposed to explain the antiphagocytic 
effect of microbial capsule and evidence supporting both hypotheses 
has been reported (48). 
The first hypothesis suggested that the antiphagocytic action of 
the capsule is due to the blocking by the capsule of the attachment of 
C3 (206). On the other hand, the second hypothesis suggested that the 
antiphagocytic effect of microbial capsule is due to a masking action 
of the capsule which prevents the interaction of opsonins on microbial 
surface with corresponding receptors on phagocytes (27, 104, 126, 215, 
216). 
A bacterial capsule that contains sialic acid has a high affinity 
for factor H, an inactivating protein of the alternative pathway (94). 
The interaction of C3b deposited on the bacterial capsule with factor 
H and subsequently with factor I results in the inactivation of C3b. 
This blocks the amplification loop of alternative pathway (94). Only 
the presence of specific anti-capsule antibodies will permit 
alternative pathv^ ay activation by the organism in its fully sialated 
state (53). In addition, specific anti-capsule antibodies which bind 
to the capsule augment the opsonization of encapsulated bacteria not 
only because the antibodies bind to FcR on neutrophils but also 
because the antibodies themselves provide additional binding sites for 
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C3b vAiich can bind to CEU. (87). The covalent linkage of C3b to 
antibodies is through the formation of ester or amide bonds (25, 63, 
87). The C3b species of C3b-IgM (28) or C3b-rgG (63) complexes is 
relatively resistant to the inactivation by factor H and factor I due 
to reduced affinity of C3b-IgM or C3b-IgG for factor H compared to 
free C3b. 
Bacterial components other than the capsule have been demonstrated 
to interfere with phagocytosis. One of the prominent examples is the 
M protein of streptococci. The mechanism whereby M protein exerts its 
antiphagocytic effect has not been totally defined; however, several 
studies have provided some clues which may explain, at least in part, 
how M protein interferes with the phagocytosis of streptococci by 
neutrophils. Peterson et al. (158) and Bisno (18) independently 
demonstrated that M protein, in some way, prevented bacterial 
opsonization via the alternative complement pathway and that this 
property of M protein might partly explain its antiphagocytic 
activity. Moreover, C3 molecules deposited on the phagocytosis-
resistant m"*" streptococci, unlike those deposited on the phagocytosis-
sensitive M~ streptococci, do not distribute uniformly on the surface 
of bacteria but distribute in patches interspaced by segments devoid 
of C3 (92). Since repeated receptor-ligand binding is required during 
the ingestion phase of phagocytosis (73) , the patched distribution of 
C3 on streptococci may not be able to promote the ingestion of 
bacteria by phagocytes. Recently, Jfeis et al. demonstrated that C3 
(C3b and C3bi) associated with M"*" streptococci were not able to 
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promote adherence to cells bearing CRl and CR3 whereas C3-coated M" 
streptococci readily attached (210). Thus, it appears M protein may 
interfere with receptor binding of deposited C3b and C3bi. The 
authors suggested that the interaction of M protein with deposited C3b 
and/or C3bi might block the receptor binding site; or alternatively, 
C3 might be inaccessible to receptors due to the physical blockage by 
the rigid alpha-helix of M protein (210). 
Two lines of evidence suggest that the M protein molecule may 
function as an active inhibitor of phagocytosis (59, 133). First, in 
addition to the alpha-helix, iitmunologically distinct M proteins (M5, 
M6, and M24) share a repeated seven residue periodicity that is 
characteristic of the double helical coiled-coil molecule, tropomyosin 
(133). It was suggested, therefore, that M proteins might play a 
regulatory role in the contractile mechanians involved in phagocytosis 
(133). Secondly, Fischetti demonstrated that F(ab')2 fragments of 
anti-M protein antibodies, which bound to M protein but did not 
mediate opsonization, enhanced or amplified the opsonic activity of 
low concentrations of opsonic igG molecules (59). Thus, it appears 
that F(ab')2 fragments neutralize the "active" determinants on M 
protein, therday allowing low concentrations of IgG with a functional 
Fc portion to participate in phagocytosis (59). 
Several bacterial components, either in extracellular form (15, 
16, 116) or in cell-associated form (1), were found to interfere with 
opsonization by complement components, (Aich prevented the efficient 
phagocytosis of those bacteria. These bacterial components are 
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peptidoglycan-polysaccharide of group A streptococci (116), water 
soluble teichoic acid of S. aureus (15, 16), and outer membrane 
protein (Tra T) of E. coli (1). 
Bacterial canponents which interfere with phagocytosis by 
undefined mechanism(s) have also been described (32, 107, 146, 147, 
163), For example, Klebsiella pneumoniae strain K59 possesses 
mannose-inhibitable adhesins which mediate the adherence of K, 
pneumoniae cells to human epithelial cells and PMNs at 4 C and serve 
as receptors for coliphage T3 and T7 (163). However, at 37 C the 
number of PMN associated with K59 bacteria is fourfold lower than at 4 
C, In addition, phagocytosis and intracellular killing of K59 
bacteria are reduced ccmpared to the spontaneous mutants which lack 
the adhesins. After blocking of the adhesins by D-mannose, ultra­
violet light inactivated coliphage T7, or specific antibodies, K59 
cells became more sensitive to phagocytosis and intracellular killing 
at 37 C (163). 
Microbicidal Mechanisms of Neutrophils 
The interaction of receptors on neutrophils with appropriate 
ligands on microbes not only promotes phagocytosis but also initiates 
a series of events (oxidative metabolism and degranulation) vAiich, in 
turn, result in the ultimate destruction of most ingested 
microorganisms, similar events also occur when neutrophils interact 
with certain soluble stimuli. Oxidative metabolism is characterized 
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by increased oxygen consumption, increased hexose monophosphate shunt 
activity, and increased production of a number of oxygen metabolites 
(hydrogen peroxide and superoxide anion) (3, 4), Degranulation is 
marked by the discharge of granule contents into the phagosome and 
extracellular milieu (218). 
Oxidative metabolism (respiratory burst) 
The importance of oxidative metabolism in the antimicrobial 
activity of neutrophils can be exemplified by the severe recurrent 
infections suffered by patients with chronic granulomatous disease 
(C3D) (82). Neutrophils (42, 82) as well as monocytes (170) and 
eosinophils (110) isolated fran patients with OGD fail to generate a 
respiratory burst during phagocytosis. Furthermore, there is ample 
evidence indicating that enhanced oxidative metabolism of neutrophils 
primed by chemotactic factors or other activating agents (e.g., 
lymphokines) correlates well with increased microbicidal activity (12, 
29, 39, 40, 58, 11, 90, 156, 200). 
Neutrophils in a resting state consume little oxygen; however, 
when neutrophils are stimulated in response to certain stimuli, a 
greatly increased rate of oxygen uptake by neutrophils occurs due to 
the activation of manbrane-associated NADPH oxidase. This oxidase 
requires flavin adenine dinucleotide (FAD) as a cofactor and catalyzes 
the one-electron reduction of oxygen to superoxide anion (Og") using a 
reduced pyridine nucleotide as electron donor (5). Although the 
enzyme uses NADPH as the main electron donor, it also can use NADH but 
with much less efficiency (5). The arrangement of the oxidase in 
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plasma membrane (6), with its NADPH binding site exposed to the 
cytosol and its oxygen binding site located within membrane, enable an 
efficient delivery of superoxide anion into the phagosome containing 
ingested microorganisms since the ingested microorganisms are enclosed 
in an "inside-out" plasma membrane. 
Several lines of evidence have indicated that an electron 
transport systan composed of a flavoprotein, ubiquinone, and a 
cytochrome b is involved in the one-electron reduction of oxygen by 
NADPH oxidase (37, 38, 65). In the resting state, these components of 
the electron transport chain are present in intracellular organelles 
(e.g., specific granules) and are translocated to the membrane after 
stimulation (21). This concept is supported by the finding that a 
patient with specific granule deficiency has abnormal oxygen 
metabolism of neutrophils (66). Recently, several studies have 
provided insights into the mechanistic basis for the activation of 
NADPH oxidase. Stimulation of neutrophils or HL-60 cells (a leukemic 
cell line) by N-formyl-methionyl-leucyl-phenylanaline (fMet-Leu-Phe, a 
synthetic chemotactic factor) results in the production of myo­
inositol 1, 4, 5-triphosphate (IP^ ) and 1, 2-diacylglycerol (22, 50, 
188, 207). These two compounds are derived from the degradation of 
phosphatidyl inositol 4, 5-bisphosphate (22, 50, 207, 208) mediated by 
a membrane-associated phospholipase C (50, 188). When neutrophils 
were exposed to fMet-Leu-Phe, an increased intracellular calcium level 
was observed (207, 208), which was probably mediated by IP^  (207). On 
the other hand, diacylglycerols activate the calcium and phospholipid-
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dependent protein kinase C (PKC) (144) v^ iich may, in turn, induce the 
activation of the NADPH oxidase (64, 127, 217). Arachidonate and 
other unsaturated fatty acids have recently been demonstrated to 
induce the activation of NADPH oxidase in particulate fractions fron 
unstimulated cells (24, 41, 79, 128), These particulate fractions 
contain plasma membrane and intracellular organelles in vAiich PKC is 
located (127, 217). Furthermore, PMA, a potent stimulator of the 
respiratory burst, binds directly to the same site on PKC as do 
diacylglycerols and activates PKC (31, 52, 143, 182). Although the 
accimulated data have indicated that PKC functions as a messenger in 
the stimulation of the respiratory burst by both PMA and fMet-Leu-Phe, 
results from several studies (36, 69, 129, 141) suggest that discrete 
pools of PKC (e.g., membrane vs cytosol) may mediate stimulation of 
the respiratory burst in neutrophils depending on the stimuli (e.g., 
fMet-Leu-Phe vs PMA). 
Superoxide anion generated by one-electron reduction of Og by 
NADPH oxidase spontaneously dismutates to HgOg at the acidic 
present in the phagosome (97). The same dismutation can be catalyzed 
by superoxide dismutase (SOD); however, SOD has not been found in the 
phagosones of PMNs (47, 178). It has been demonstrated that almost 
all HgOg formed during phagocytosis is derived fron spontaneous 
dismutation (173). Hydrogen peroxide at relatively high 
concentrations is microbicidal; moreover, the microbicidal activity of 
HgOg is amplified several fold vAen H2O2, myeloperoxidase, and a 
halide are acting together (97). The formation of other oxygen 
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metabolites (hySroxyl radicals and singlet oxygen) by neutrophils and 
their involvement in microbicidal activity has been suggested but has 
not been definitively established (97). 
Two systems present in the cytosol of neutrophils are involved in 
the detoxification of ^ 2^ 2 t:hat may leak to sites outside the 
phagosomes (172). Hydrogen peroxide is destroyed either by the 
glutathione peroxidase syston at the expense of reduced glutathione or 
by catalase. Reduced glutathione is regenerated by the glutathione 
reductase system and NADPH serves as electron donor. During the 
activation of NADPH oxidase and the generation of reduced glutathione, 
NADPH is oxidized to NADP which, in turn, is reduced to NADPH through 
the increased hexose monophosphate shunt activity during the 
respiratory burst. 
Degranulation 
Degranulation usually acccmpanies phagocytosis and results from 
the fusion of the granule msnbrane with the membrane of the phagosane. 
Two types of granules exist in human neutrophils. Primary (azurophil) 
granules are formed during the promyelocyte stage whereas secondary 
(specific) granules develop during the early myelocyte stage (218). 
Primary granules develop during the phase that cells still undergo 
mitotic division, thus the number of primary granules in the daughter 
cells is reduced following each division. In contrast, secondary 
granules develop after the cell division is terminated. Therefore, 
the secondary granules outnumber the primary granules by more than two 
to one in mature neutrophils. The primary granules contain acid 
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hydrolases, neutral proteases, myeloperoxidase, cationic proteins, 
lysozyme, and mucopolysaccharide (98). Thus, the presence of acid 
hydrolases in primary granules makes than true lysosomes. The 
secondary granules contain lactoferrin, lysozyme, vitamin binding 
proteins, and cytochrome b (98). The primary function of granule 
constituents in antimicrobial activity is the killing and digestion of 
ingested microorganisms after phagocytosis. In addition, granule 
constituents, when released extracellularly, participate in the 
regulation of the inflammatory response and influence the behavior of 
other inflammatory and/or immunocompetent cells (218). 
Using rabbit neutrophils, Sainton (7) demonstrated that 
degranulation of secondary granules occurred prior to that of primary 
granules. The fusion of secondary granules with the phagosome 
membrane occurred when the phagosome was not completely closed. This 
different rate of degranulation was confirmed later by Brentwood and 
Henson (23) with human neutrophils and might explain, in part, why 
granule contents recovered outside the cells were predominantly the 
constituents of secondary granules (108, 109) . The phenomenon of 
extracellular release of granule contents by viable neutrophils during 
phagocytosis was termed "regurgitation while feeding" by Weissmann et 
al. (214). In general, secondary granules are more accessible for 
extracellular degranulation (218). The spontaneous secretion of 
secondary granule constituents was observed when neutrophils were 
incubated at 37 C in physiologic media (35, 71, 221). 
VJhen neutrophils interact with a surface coated with immunologic 
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ligands or with certain soluble stimuli, extracellular release of 
contents of secondary granules as well as primary granules occurs 
through the fusion of granules with the plasma manbrane followed by 
the extrusion of granule contents into the extracellular milieu (70, 
218). This phenomenon is termed "frustrated phagocytosis" or "reverse 
endocytosis". Soluble stimuli (fMet-Leu-Phe, calcium ionophore 
A23187, zymosan-treated serum, and immune complexes) which induce the 
extracellular release of both primary and secondary granule contents 
in the absence of phagocytosis are classified as "complete 
secretagogues" whereas stimuli (PMA and concanavalin A) vdiich 
selectively induce the degranulation of secondary granules are 
classified as "inccmplete secretagogues" (191). For sane soluble 
stimuli (C5a and fMet-Leu-Phe), maximal degranulation can only be 
achieved when neutrophils are treated with cytochalasin B (70). The 
mechanism whereby cytochalasin B treatment amplifies the degranulation 
is not clear. Extracellular release of granule constituents, 
especially those of primary granules, apparently plays an important 
role in tissue damage during inflammation; nevertheless, it also 
provides systems in which the initiation of degranulation and the 
biochanical and physiological events vdiich take place during 
degranulation can be investigated. 
The initiation of degranulation and the associated events have 
been reviewed recently (70, 191) and will not be discussed in detail 
here. Results from several studies have indicated that the 
intracellular mobilization of calcium (139, 140, 190, 193, 197) and 
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the increase in cytoplasmic free calcium (101, 162) are essential for 
the induction of degranulation by neutrophils. Extracellular uptake 
of calcium is not required in the induction of degranulation, although 
it may maximize the response. Thus, calcium apparently plays a role 
as the second messenger. Those studies (139, 140, 190, 193, 197) also 
demonstrated that the plasma membrane is one of the cell-associated 
calcium pools which may be partly responsible for the mobilization of 
calciun. Furthermore, Hoffstein demonstrated, using a histochanical 
technique, the loss of manbrane-associa ted calcium vAen human 
neutrophils were exposed to particulate and soluble stimuli (80). 
When a particulate stimulus (e.g., opsonized zymosan) was used, the 
loss of matibrane-associated calcium was restricted to the segment of 
cell-particle attachment. Therefore, the redistribution of matibrane-
associated calcium is probably a localized phenomenon. 
Cyclic AMP, like calcium, is a second messenger in many secretory 
systems. A transient incranent of intracellular cAMP level but not 
cGMP level can be demonstrated in neutrophils exposed to several 
soluble stimuli (184, 189). An even larger and more sustained 
increment was observed v^ en neutrophils were pretreated with 
prostaglandin or Ig, agents that inhibit degranulation, followed by 
surface stimulation (189). When neutrophils were stimulated by fMet-
Leu-Phe or A23187 in the presence of the adenyl cyclase inhibitor, the 
increment of intracellular cATIP was completely inhibited; however, the 
degranulation was not affected (185). Thus, it appears that cAMP may 
not be involved in the induction of degranulation; rather, it acts as 
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not be involved in the induction of degranulation; rather, it acts as 
a modulator. 
Recently, there is growing interest in studying the effect of 
arachidonic acid metabolites on the activation of neutrophils (100, 
192). So far, the accumulated data suggest that arachidonic acid 
metabolites regulate the degranulation of neutrophils via the 
translocation of calcium or through a cAMP-dependent pathway. 
Oxygen-dependent microbicidal mechanisms 
The myeloperoxidase (MPO)-hydrogen peroxide-halide system probably 
is the most defined antimicrobial system which has been clearly shown 
to operate in oxyger>-dependent killing by neutrophils (97, 172) . This 
system is toxic to a wide variety of organisms including pathogenic 
microorganisms. Myeloperoxidase is located in the primary granules of 
neutrophils or monocytes and has a pH optimum of 5.0-5.5 which is 
achievable in the phagosome. Peroxidase and hydrogen peroxide form an 
enzyme-substrate complex which oxidizes the halide to a toxic agent or 
agents which can attack the cell in a variety of ways. The 
physiologically significant halide is chloride due to its high 
concentration in neutrophils and other phagocytes. On a molar basis, 
iodide and brcxnide are more effective; however, their concentration in 
the neutrophils is much lower than that of chloride. Therefore, it is 
not clear that iodide and brcmide are used by neutrophils in the MPO-
hydrogen peroxide-halide system. 
The primary product of MPO-hydrogen peroxide-Cl" appears to be 
hypochlorous acid (HOCl) and/or hypochlorite ion (OCl"). Hypochlorous 
30 
acid (the predominant form in the phagosone) can react with chloride 
to form chlorine (97). These products are strong oxidants and can 
cause the chlorination of microbial components resulting in the loss 
of functional and structural integrity (172). Also, HOCl can react 
with amines or amides to produce chloramines or chloramides which can 
cause the decarboxylation or deamination of amino acids. 
Decarboxylation or deamination of amino acids in key microbial 
proteins may disrupt the functional and structural properties of such 
proteins and interfere with the metabolism of microorganisms. 
Recently, Rosen and Klebanoff proposed another mechanism for the 
microbicidal activity of the MPO-hydrogen peroxide-halide system 
(174). They demonstrated that the MPO-hydrogen peroxide-halide system 
oxidized the iron-sulfur proteins such as spinach ferredoxin (from 
spinach chloroplasts) and those present in intact JE. coli with the 
loss of labile sulfide. Since iron-sulfur proteins are constituents 
of the electron transport chain present in the cytoplaanic manbrane, 
Rosen and Klebanoff suggested that an attack on catalytic iron centers 
would have profound effects on microbial metabolism. 
Two reports have indicated that close contact of MPO with the 
microbial surface either increases the bactericidal activity of the 
MPO-hydrogen peroxide-halide system (180) or is required in the 
fungicidal action of the system (219). Also, exogenous MPO, 
administered by intraperitoneal injection, has been demonstrated to 
increase the survival rate of mice challenged with a lethal dose of 
Candida albicans (224). 
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The fact that patients with MPO deficiency, unlike OGD patients, 
are usually in good health may suggest that MPO-hydrogen peroxide-
halide system is not the only microbicidal mechanism utilized by 
neutrophils (97, 172). Interestingly, MPO-deficient patients have 
greater than normal respiratory burst activity possibly due to a 
requirement for MPO for the termination of the respiratory burst (93). 
Therefore, oxygen-dependent microbicidal mechanisms other than the 
MPO-hydrogen peroxide-halide system and oxygen-independent 
microbicidal mechanians are utilized by neutrophils. 
A potent antimicrobial system has recently been described (96, 
117), (Aich consists of ferrous ion, hydrogen peroxide, and iodide. 
The active oxygen metabolite generated by this system appears to be 
the hydroxy radical. Unlike the MP0-hy3rogen peroxide-halide system, 
iodide can not be replaced by other halides without losing the 
effectiveness (96). It was suggested that Fe"*"^  and hydrogen peroxide 
generates hydroxy radical which interacts with iodide to form one or 
more toxic species. Since iodide is irreplaceable in this system, the 
in vivo significance of this microbicidal mechanism remains to be 
determined. As noted before, other oxygen metabolites such as hydroxy 
radical and singlet oxygen have been implicated in microbicidal 
activity; however, their actual involvement in microbicidal activity 
remains unclear due to the lack of a specific detection system which 
could provide exclusive evidence of their presence. 
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Oxygen-independent microbicidal mechanisms 
The presence of oxygen-independent microbicidal mechanisms is 
supported by several lines of evidence. First, neutrophils and 
extracts isolated from neutrophils of OGD patients readily kill 
Salmonella typhimuriun (213) and Neisseria gonorrhoeae (166). 
Secondly, certain bacterial species are killed by neutrophils under 
anaerobic conditions (131, 151, 198). Lastly, although virulent 
strains of typhi fail to trigger the oxidative metabolism of 
neutrophils, these bacteria are killed by neutrophils as well as 
avirulent strains (102). 
Among various granule constituents, cationic proteins have been 
demonstrated to be potent bactericidal agents. Other constituents 
such as lysozyme or neutral proteases probably are involved in the 
degradation of killed microorganisms rather than the killing of these 
microorganisms. Lactoferrin released by neutrophils binds iron and 
may compete with microorganisms for iron which is important for 
microbial growth; however, the antimicrobial role of lactoferrin 
remains to be determined (172). 
Several cationic proteins with different molecular weights have 
been isolated from primary granules of human neutrophils. Some of 
these proteins are specifically bactericidal to gram-negative bacteria 
(138, 211), while others are more potent against streptococci than 
against gram-negative bacteria (149). Recently, Gennaro et al. (67) 
demonstrated the selective killing effect on gram-positive and gram-
negative bacteria of different proteins isolated fron a third type of 
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granules (68) in bovine PMNs. Thus, the results from previous studies 
indicate that there is more than one cationic protein vdiich is 
bactericidal and different proteins may have different specificities 
for certain bacterial species. 
The cationic proteins isolated from human neutrophils (138, 211), 
like granule extracts of human neutophils (164, 165), are more potent 
against rough strains of S. typhimurium or E. coli than smooth strains 
of these bacteria. One recent study has provided evidence indicating 
that cationic proteins bind to the KDO (3-deoxy-D-mannooctulosonic 
acid) region of the Salmonella outer membrane in a manner similar to 
the binding by polymyxin B (181). This mode of binding of cationic 
proteins may explain the relative resistance of smooth strains of 
Salmonella to the bactericidal effect of cationic proteins. The 
complete polysaccharide chains of smooth strains probably impose a 
physical barrier to the binding of cationic proteins to the KDO 
region. The precise bactericidal mechanism of cationic proteins is 
unknown. However, several investigators have proposed that 
antimicrobial activity of cationic proteins involves two steps (165, 
212). The first step requires the binding through ionic interaction 
and the second step involves the insertion of proteins into the outer 
membrane via a hydrophobic interaction, which results in the death of 
bacteria. Furthermore, one study has indicated that or^ oing bacterial 
growth is required for effective killing by cationic protein (30). 
The efficacy of cationic protein against N. gonorrhoeae was reduced 
under bacteriostatic conditions imposed by hypoxia; however, the 
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addition of sodium nitrite to reduced growth media permitted the 
growth of gonococci in an anaerobic environment and the gonococci 
became susceptible to the cationic protein (30). 
Several studies have provided evidence indicating the importance 
of the environment in fcAiich phagocytes operate. Leijh and co-workers 
demonstated the requirement of serun factors for the maximal 
intracellular killing (after the completion of ingestion) of bacteria 
by neutrophils (111) as well as monocytes (112, 113) and macrophages 
(114). Similar findings were reported by others (78, 115). The serum 
factors appear to be IgG and C3 components. The mechanism whereby 
serum factors augment the intracellular killing is unknown, A large 
proportion of catalase-negative bacteria (e.g., S. pyogenes and S. 
pneumoniae) were killed even in the absence of extracellular serum 
factors, although maximal killing was reached only in the presence of 
such factors (113, 114). In contrast, intracellular killing of 
catalase-positive bacteria (e.g., S. aureus) was negligible in the 
absence of extracellular serun factors but maximal in fresh serun. 
Microbial interference with Microbicidal Activity of Neutrophils 
From the discussion above, it is clear that efficient killing of 
ingested microorganisms by neutrophils can only be achieved vAien both 
oxygen-dependent and oxygen-independent microbicidal systems function 
normally in neutrophils. Defects imposed by microbes and their 
products on the killing activity of neutrophils would enhance the 
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chance of intracellular survival of microorganisms. Strategies used 
by microorganisms to survive within neutrophils and other phagocytes 
have been reviewed recently (48, 195). More recent findings regarding 
microorganisms and their products that interfere with or evade the 
microbicidal systems of neutrophils will be cited here. 
Perhaps the most beneficial strategy utilized by microorganisms to 
inhibit or evade the killing activity of neutrophils is to interfere 
with the process of degranulation (phagosome-lysosome fusion) by 
neutrophils. In doing so, microorganisms escape not only the potent 
microbicidal effect of MPO-hidrogen peroxide-halide system but also 
the killing activity of cationic proteins, Legionella pneumophila 
(84), Brucella abortus (168), Yersinia enterocolitica (118), and 
succinic acid released by Bacterioides species (177) have been 
demonstrated to inhibit degranulation by neutrophils. Similar 
inhibition by Coccidioides immitis and Nocardia asteroides of 
phagosome-lysosome fusion in macrophages has also been reported (10, 
46). The plasm id-coded outer membrane protein (OMP) of Y. 
enterocolitica was probably responsible for the inhibition of 
degranulation, since bacteria lacking the plaamid-coded OMP did not 
inhibit degranulation (measured by luminol-enhanced MPO-mediated 
chemiluminescence (CL)) and the CL response of neutrophils stimulated 
with zymosan was inhibited by OMP (118). 
Although B. abortus inhibits the degranulation of human and bovine 
neutrophils, there is evidence indicating the limited degranulaton 
imposed by B. abortus may not be the only mechanism that is 
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responsible for the intracellular survival of virulent bacteria. Both 
smooth and rough strains of B. abortus inhibited degranulation to the 
same extent (168); however, the smooth strain was more resistant to 
the killing effect of MPO-hydrogen peroxide-I" systan than the rough 
strain (169). Therefore, the authors suggested that the resistance of 
the smooth strain to oxygen-dependent bactericidal system might be 
reponsible for the relative virulence of the smooth strain as compared 
to the rough strain (169). 
Since MPO is one of the key components in MPO-hydrogen peroxide-
halide systan, microbial products that interfere with its function may 
inhibit the killing effect of MPO-hydrogen peroxide-halide system. 
Thus, soluble mannan, which prevented the required binding of MPO to 
C. albicans, was demonstrated to have an inhibitory effect on 
neutrophi1-mediated candidacidal activity without influencing uptake 
of the organisms (219). Also, alkaline proteases and elastase 
released by P. aeruginosa were found to strongly inhibit luminol-
enhanced MPO-mediated CL response of neutrophils and the pattern of 
inhibition was similar to that of sodium azide, an inhibitor of MPO 
(95). Therefore, the mechanian of inhibition is likely due to a 
proteolytic inactivation of MPO by alkaline proteases and elastase 
(95). 
Oxygen metabolites (hydrogen peroxide and Og") are important 
factors in the MPO-hydrogen peroxide-halide system or the oxygen-
dependent microbicidal system in general. Therefore, microorganisms 
that inhibit or fail to stimulate the oxidative metabolism would have 
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a better chance to survive intracellularly. L. pneumophila, although 
susceptible to oxygen-derived microbicidal products and MPO-hydrogen 
peroxide-halide system (12^ , 121), produced a toxin (61) v^ iich 
decreased hexose monophosphate shunt activity, 0^  consumption, and 
bacterial iodination and killing by neutrophils in a dose-dependent 
fashion (62). Friedman et al. suggested that impaired bacterial 
iodination and bacterial killing by neutrophils might be due to the 
toxin-impaired superoxide production (62). This speculation was 
confirmed later by another group of investigators (119). Similarly, 
treatment of human PMNS with highly purified, sublethal pneumolysin 
significantly inhibits the respiratory burst by PMNs and their ability 
to kill opsonized pneumococci (153). Mycobacterium leprae, similar to 
L. pneumophila, are killed by MPO-hydrogen peroxide-halide system in a 
cell-free condition (99). However, it was demonstrated that M, leprae 
failed to stimulate significant Og" release by human PMNs, monocytes, 
or mouse peritoneal macrophages except at high bacterial to cell 
rations (>50 ; 1) whether or not they were pretreated with normal 
serum or immune serum (83). In contrast, either viable or irradiated 
M. bovis BOG, on the other hand, stimulated the three cells to release 
a significant amount of Og" when challenged with as few as 10 
organisms per cell. The failure of M. leprae to stimulate a 
respiratory burst may be partly responsible for the intracellular 
survival of these bacteria. 
Although intracellular SOD of microorganisms is considered 
inefficient in protecting microorganisms from oxidative attack (195) , 
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there is evidence indicating that the surface-associated SOD and 
intracytoplasmic catalase in early-stationary-phase cells of virulent 
N. asteroides GUH-2 protect these cells from the killing by human PMNs 
(11). Specific antibody against the surface-associated SOD enhances 
the killing of N. asteroides GUH-2 by PMNs. Similarly, virulent 
strains of M. tuberculosis also possess the surface-associated SOD and 
increased intracytoplasniic catalase (9). It appears that virulent 
strains of N. asteroides and M. tuberculosis both secret SOD, which 
becomes associated with the cell surface, and produce increased 
intracytoplasmic levels of catalase (9). In contrast, the less 
virulent strains of bacteria do not secret SOD and have decreased 
levels of catalase. The surface-associated SOD is thought to catalyze 
the dismutation of 0^  generated by phagocytes to hydrogen peroxide at 
te bacterial surface. Subsequently, hydrogen peroxide, which 
penetrates the cell wall into the cytoplasm, is broken down by the 
high concentration of intracellular catalase (9). 
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SECTION I. IDENTIFICATION OF THE SUPPRESSIVE COMPONENTS PRESENT IN 
Haemophilus scmnus FRACTIONS WHICH INHIBIT BOVINE POLYMORPHONUCLEAR 
LEUKOCYTE FUNCTION 
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SUMMARY 
Haemophilus satinus fractions which inhibited iodination of protein 
by bovine polymorphonuclear leukocytes were isolated by heat-
extracting a washed bacterial suspension at 60 C or incubating the 
bacterial suspension at 37 C and were partially purified by 
ultrafiltration. The components in each fraction were separated by 
reverse-phase high performance liquid chromatography and identified as 
ribonucleotides, a ribonucleoside, and purine and pyrimidine bases. 
Most of the compounds were found to be inhibitory to iodination in a 
dose-dependent manner. When the effect of each component on 
iodination at the concentrations present in H. sannus fractions was 
determined, it was found that guanine and guanosine 5'-monophosphate 
were the components responsible for most of the suppression in the 
fraction isolated by heat-extraction while guanine and adenine were 
the major inhibitory components in the fraction isolated by incubation 
at 37 C. 
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INTRODUCTION 
The mechanlann(s) v^ ereby Haonophilus scmnus overcomes host 
resistance and induces pathologic change is unknown. Stephens et al. 
(13) observed increased antibody titers to H. scmnus in acute-phase 
serum from 16 cattle that died from experimentally-induced TEME. They 
suggested that the occurrence of bacteremia in the face of a high 
serum antibody titer indicated that the host's phagocytic system was 
not functioning effectively. More recently, _in vitro study of 
interaction between bovine neutrophils and H. somnus indicated that 
ingested H. somnus were resistant to killing by neutrophils while 
opsonized Escherichia coli and Staphylococcus epidermidis were readily 
killed (4). We have previously demonstrated that live fi. somnus and 
subcellular fractions of H. somnus suppress Staphylococcus aureus 
ingestion and iodination but not nitroblue tetrazoliun reduction by 
bovine polynorphonuclear leukocytes (PMNs) (7). One of the 
subcellular fractions, which can be retained by an ultrafiltration 
msnbrane with a molecular weight (MW) cutoff of 300,000, suppresses 
both iodination and S. aureus ingestion. Another subcellular 
fraction, vdiich suppresses iodination only, can pass through an 
ultrafiltration membrane with a MW cutoff of 1,000. The possible role 
of the latter bacterial fraction as a virulence factor is indicated by 
the following facts: (i) PMNs are important in the control of 
bacterial infections, (ii) degranulation, for which iodination is an 
indirect measurement, is an important antibacterial mechanism utilized 
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by PMNs, and (iii) the host would not normally produce antibody 
against these small molecular weight compounds. 
In the experimentation reported here, we identified the 
suppressive components in the small molecular weight fraction and also 
danonstrated that the suppressive components can be released into the 
fluid phase by the bacterium. The elucidation of the identity of the 
suppressive components will facilitate the investigation into their 
potential role as virulence factors and their mechanism(s) of action. 
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MATERIALS AND METHODS 
Chemicals and reagents 
Brain heart infusion (BHI) broth, yeast extract, and Bactoagar 
were purchased from Difco Laboratories, Detroit, MI. 2^5j_ (Carrier 
free in 0.1 M NaOH), [^ ^^ I]-iododeoxyuridine UdR) were 
purchased from Amersham Corp., Arlington Heights, IL. Earles balanced 
salt solution (BBSS) was purchased from Gibco, Grand Island, NY. 
Zymosan A, lysostaphin, tetrabutylammoniun, adenosine 5'-monophosphate 
(AMP, free acid), adenosine 5'-diphosphate (ADP), adenosine, adenine, 
guanosine 5'-monophosphate (GMP, free acid), guanosine 5'-diphosphate 
(GDP), guanosine, guanine, cytidine 5'-monophosphate (CMP, free acid), 
cytidine 5'-diphosphate (CDP), cytosine, uridine 5'-monophosphate 
(UMP, free acid), uracil, 5'-nucleotidase (E.G.3.1.3.5.), and guanase 
(E.G.3.5.4.3.) were purchased from Sigma Chemical Company, St. Louis, 
MO. Stock solutions (10 mM) of each ribonucleotide, ribonucleoside, 
purine base and pyrimidine base were prepared in phosphate buffered 
saline solution (PBS, pH 7.2) except guanine which was dissolved in 
HgO and adjusted to jSl 12.5 with NaŒ. The stock solution of each 
standard was then diluted in PBS to the desired concentration used in 
the iodination assay. 
Propagation of bacteria 
H. somnus strain 8025 stored in egg yolk culture at -70 C was 
inoculated into BHI broth supplemented with 0.5% yeast extract and 5% 
normal bovine serum (BHISY). The broth culture was incubated for 18-
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24 h in a humidified 5% COg incubator and then used to inoculate Roux 
flasks containing BHISÏ medium and 2.5% Bactoagar, Following 
incubation for 24 h, the bacteria were harvested, washed 2 times, and 
resuspended in PBS (10 ml/g of wet weight). A strain of E. coli 
previously shown to be susceptible to killing by bovine neutrophils 
(4), was inoculated into BHI broth, incubated at 37 C for 18 h and 
then used to inoculate Roux flasks containing BHI broth and 2.5% 
Bactoagar. The Roux flasks seeded with E. coli were incubated at 37 C 
for 18 h before the bacteria were harvested, washed, and resuspended 
in PBS. 
Preparation of bacterial fractions 
The washed somnus suspension (1.9 x 10^  cells/ml) was heat-
extracted at 60 C for 1 h followed by centrifugation at 27,000 x g for 
20 min at 4 C. The supernatant was collected and centrifuged at 
100,000 X g for 3 h at 4 C. The supernatant fran the 
ultracentrifugation was usually stored at -20 C overnight before 
ultrafiltration. The ultrafiltration was conducted first with a 
membrane with a MW cutoff of 300,000 (XM300, Amicon Corporation, 
Lexington, MA) and then with a membrane with a MW cutoff of 1,000 
(Amicon Corporation). The final filtrate was designated as HElF-60, 
lyophilized, and resuspended in HgO to the concentrations desired. 
A second small molecular weight preparation was isolated from H. 
somnus by incubating the washed bacterial suspension in PBS (3.5 x 10^  
cells/ml) at 37 C for 2 h in a shaking water bath and processing as 
described above for the 60 C heat extract. This small molecular 
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weight fraction was designated as HElP-37. A similar fraction was 
produced from E. coli in an identical manner to the H. scmnus HElF-37. 
High performance liquid chromatography (HPLC) 
The HPLC system used throughout this experimentation was equipped 
with a Cj^ g column (laBondapak, 7,8 x 300 itm, Waters Associates, 
Milford, MA) and a guard colunn (Spheri-10 RP-18 MPLC guard cartridge, 
Brownlee Labs, Inc., Santa Clara, CA). The wavelength of the detector 
was 277 rm. 
PMN preparation 
PMNs were prepared from peripheral blood of healthy cattle as 
previously described (12), Briefly, peripheral blood was collected in 
acid-citrate-dextrose solution, centrifuged, and the plasma and buffy 
coat layers were discarded. Erythrocytes in the packed cell fraction 
were lysed by brief exposure to hypotonic conditions and the PMNs 
present in the lysate were pelleted by centrifugation. The residual 
erythrocytes in the PMN fraction were lysed by a second exposure to 
hypotonic conditions and the PMNs were washed and suspended in PBS to 
a concentration of 5.0x10? PMNs/ml. Differential stains indicated 
that these preparations contained greater than 90% neutrophils. 
PMN function tests 
The procedures for evaluating PMN function have been described in 
detail previously (12). All PMN function tests were conducted in 
duplicate, and the average of duplicate values was used for 
calculations. 
(i) lodination. The iodination test were conducted in 12x75 mm 
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polyethylene snap cap tubes (number 2054, Falcon, Oxnard, CA), The 
standard reaction mixture contained 2.5x10® PMNs, 0.05 uCi of 
40 nanonole of Nal, 0.05 ml opsonized zymosan (10 mg/ml) and 0.3 ml 
EBSS. To determine the effect of H. scmnus fractions on iodination by 
PMNs, 0.1 ml of bacterial fractions or 0.1 ml of PBS as a control were 
added to the standard reaction mixture. The reaction was allowed to 
proceed for 20 min at 37 C, and the amount of trichloroacetic acid 
(TCA)-precipitable radioactivity was determined. The results are 
expressed as nanomoles of Nal per 10^  PMNs per hour, 
(ii) Staphylococcus aureus ingestion. Heat-killed UdR-
labeled S. aureus was used to evaluate ingestion by PMNs. The test 
was conducted in 12x75 rrm plastic tubes and the standard reaction 
mixture contained 0.1 ml of CJdR-labeled S. aureus, 0.05 ml of 
PMNs (2.5x10® PMNs, bacteria to PMN ratio= 60:1), 0.05 ml of bovine 
anti-^ . aureus serum, and 0.3 ml of EBSS. To determine the effect of 
H. scmnus fractions on ingestion by PMNs, 0.1 ml of H. scmnus 
fractions or 0.1 ml of PBS as a control were added to the standard 
reaction mixture. The reaction was allowed to proceed for 10 min at 
37 C, and the extracellular S. aureus was removed by lysostaphin 
treatment. The PMNs were washed by centrifugation, and the amount of 
PMN-associated radioactivity was determined. The results were 
expressed as the percentage of UdR-labeled S. aureus that was 
ingested. 
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Data analysis 
For the presentation of data, all treatmait values were expressed 
as percentage of the untreated controls. An analysis of variance 
procedure was used to determine significance of the differences 
betvreen the treatment values and the untreated controls. Analysis of 
variance was based on the actual values rather than the percent of 
control values. 
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RESULTS 
Biological activity of HElF-60 and HElF-37 
Both HElF-60 and HElP-37 significantly inhibited iodination by 
PMNs (P < 0.001) while neither had an inhibitory effect on ingestion 
of S. aureus (Table 1). The mean iodination value of control PMNs was 
28.2 + 2.3 nmoles of Nal per 10^  PMNs per h (mean + standard error, n 
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= 6) and the mean percentage of [ I] UdR-labeled S. aureus ingested 
by control PMNs was 33.6 _+ 4.9. A fraction similar to HElF-37 but 
isolated frcm E. coli (vAiich had been reported to be readily killed by 
bovine neutrophils (4)) was found to have no effect on iodination. 
PMNs preincubated with HElF-60 or HElF-37 at 37 C for 30 min followed 
by two washes in PBS did not exhibit suppressed iodination when 
stimulated with opsonized zymosan. 
Identification of the ccmponents in HElF-60 and HElF-37 
In addition to having similar biological activity, HElF-60 and 
HElF-37 also shared the following chemical and physical 
characteristics: maximal UV absorbence at 260 im, positive reaction to 
Orcinol reagent in Orcinol assay (8) and ability to pass through a 
manbrane with a MW cutoff of 1,000. Based on these findings, we 
speculated that HElF-60 (or HElF-37) might contain nucleotides or 
nucleotide-like compounds. In order to investigate this hypothesis, a 
solvent system was used v^ ich had been previously described for 
separation of nucleotides or nucleotide-like compounds from bacterial 
cells on a reverse-^ Aiase chromatographic coltsnn (10). The 
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TABLE 1. Effect of H. scRinus fractions on iodination and S. aureus 
ingestion by bovine PMN® 
H. somnus fraction Iodination S. aureus ingestion 
HElF-60 66.3+1.2^  102.3+4.1 
HElP-37 54.8 + 1.6^  98.2 + 4.5 
Values represent the mean percentage of control + SE from 6 PMN 
preparations, 
< 0.001. Level of statistical significance of the difference 
of iodination value between treated and control PMNs. 
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chromatographic conditions for separating HElF-60 (or HElF-37) were: 
solvent A, 5 mM tetrabutylamononivm phosphate (Sigma), 4% acetonitrile, 
30mM KH2PO4, pH 6.0; solvent B, acetonitrile; 60 min linear gradient, 
0-40% B; flow rate, 1.5 ml/min. 
The peaks present in each sample were identified by the following 
procedures which were described elsewhere (6): 
(i) Retention time. The retention times of the peaks in each 
sample were compared to those of reference standards purchased from 
Sigma Chemical Company, Standards with a similar retention time to 
that of an unknown peak were co-injected with the sample and changes 
in peak shape noted. Standards which caused an unknown peak to 
increase in height without the appearance of a shoulder or unusual 
peak broadening were considered to have the same retention time as the 
unknown peak. Accordingly, the ccmpounds present in HElF-60 were 
tentatively identified as cytosine, uracil, guanine, guanosine, 
adenine, CMP, UMP, GMP, AMP, CDP, GDP, and ADP (Fig. 1). HElF-37 
contained the same components as identified in HElF-60 but in 
different quantities as judged by the peak heights (Fig. 2). The 
HElF-37 fraction isolated from E. coli did not contain any of these 
sane components. The presence of cytosine, uracil, guanine, 
guanosine, and adenine in each H. somnus fraction was further 
confirmed by using the same technique but using a different set of 
chromatografiiic conditions which had been described for the 
identification of nucleosides and bases (6, 9). The chromatographic 
conditions were: solvent A,20 mM KH^ po^ , pH 5.7; solvent B, methanol; 
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FIG. 1. Reverse-phase high performance liquid chromatographic 
chrcmatogran of HElF-60 (100 ul). The chromatographic 
conditions were: solvent h, 5mM tetrabutylammoniunn phosphate, 
4% acetonitrile, 30 niM KHjPO^ , pH 6.0; solvent B, 
acetonitrile; 60 min linear gradient, 0-40% B; flow rate, 
1.5 ml/min. Peak identities; A - cytosine; B - uracil; 
C - guanine; D - guanosine; E - adenine; F - CMP; G - UMP; 
H - CMP; I - AMP; J - CDP; K - GDP; L - ADP 
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FIG. 2. Reverse-phase liquid chronatographic chromatogram of HElF-37 
(100 ul). The chroniatographic conditions and the peak 
identities were the same as in Fig. 1 
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5 min of isocratic el ut ion with A followed by a 35 min linear gradient 
to 24% B; flow rate, 1,5 ml/min. 
(ii) Enzymatic treatments. To further confirm the identities of 
the ribonucleotides, an aliquot of HElF-60 (or HElP-37) (200 ul) was 
incubated with 100 ul of 5'-nucleotidase (50 units/ml) at 37 C for 12 
h. The reaction mixtures were heated in a boiling water bath for 5 
min to deactivate the enzyme before aliquots were injected into a 
colunn, HElF-60 (or HElF-37) that was incubated with water instead of 
enzyme was processed in the same manner and served as a control. For 
the identification of guanine, 200 ul of the sample was incubated with 
100 ul of guanase solution (0,16 units/ml) or 100 ul of H^ o as a 
control at 37 C for 12 h followed by heating in a boiling water bath 
for 5 min before an aliquot of the reaction mixture was injected into 
a C^ g column. 
When HElF-60 (or HElF-37) was treated with 5'-nucleotidase vAiich 
catalyzes the cleavage of the phosphate group of nucleotides, a change 
of the chrotnatogram was observed. The peaks of ribonucleotides either 
completely disappeared or the peak height was reduced while new peaks 
corresponding to uridine, cytidine and adenosine showed up as well as 
an increased peak height of guanosine. A change in the chranatogram 
also occurred v^ en HElF-60 (or HElF-37) was treated with guanase vfliich 
deaminates guanine into xanthine. The peak corresponding to guanine 
disappeared, and a new peak which co-eluted with xanthine appeared. 
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Identification of the suppressive components in HElF-60 and HElF-37 
Thus far, we had demonstrated that HElF-60 (or HElF-37) contained 
ribonucleotides/ a ribonucleoside and purine and pyrimidine bases 
which might be involved in the suppression of iodination by bovine 
PMNs. The next step was to determine which components were involved 
in the suppression. 
When all the identified compounds were titrated for their effect 
on iodination, most of them, except cytosine and CDP, were found to be 
suppressive depending on the concentrations used (Pigs. 3-7). The 
titration data suggested that guanine, guanosine, adenine and GMP were 
the most potent inhibitory compounds. Since the suppression caused by 
these compounds was dose-dependent, the effect of each component on 
iodination at the concentrations present in HElF-60 and HElF-37 could 
indicate which of them were the major suppressive components. To 
estimate the concentration of each component present in HElF-60 and 
HElF-37, the peak heights were measured and converted to the 
corresponding concentrations by using a standard curve generated by 
injecting known concentrations of the components into the HPLC column 
and measuring the peak heights. The effect of each component on 
iodination at the concentrations found in H. scmnus fractions were 
subsequently determined. Table 2 shows the suppression caused by 
guanine, adenine and GMP at the concentration in HElF-60 and HElF-37. 
Other components did not cause any significant effect on iodination (P 
> 0.05) at the concentrations found in either fraction, although they 
were suppressive at higher concentrations. The results, therefore. 
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FIG. 3. Effect of various concentrations of CMP, UMP, GMP, and 
guanosine on iodination by bovine PMNs. Each point 
represents the mean + SE from 5 PMN preparations 
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FIG. 4, Effect of various concentrations of CDP and GDP on iodination 
by bovine PMNs, Each point represents the mean + SE from 
6 PMN preparations 
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TABLE 2. Effect of guanine, adenine, and GMP at the concentration 
found in H. somnus fractions on iodination by bovine 
PMNs 
H. somnus fractions Component® % of Control^  
(concn) 
HElF-60 
Guanine (25) 84.9 + 1.6° 
Adenine (3) 100.2 +3.5 
GMP (85) 88.8 + 2.8^  
HBlF-37 
Guanine (70) 74.3 + 2.4° 
Adenine (25) 91.2 + 1.6° 
GMP (10) 100.2 + 3.2 
T^he final concentration in uM in the reaction mixture. 
V^alues expressed as the mean + SE from 6 PMN preparations. 
°P < 0.001. 
^P < 0.01. 
61 
suggested that guanine and GMP were responsible for most of the 
suppression in HBlF-60, whereas guanine and adenine were the major 
suppressive components in HElF-37. It is noteworthy that guanine, 
adenine and GMP at the concentrations found in HElF-60 or HElF-37 had 
no effect on S. aureus ingestion, and their suppressive effect on 
iodination could be eliminated by washing the PMNs after exposure to 
the compounds. 
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DISCUSSION 
In the present experimentation, we have identified 
ribonucleotides, a ribonucleoside, and purine and pyrimidine bases as 
the components in an H. somnus fraction vAich was previously shown to 
be inhibitory to iodination by bovine PMNs (7). We have also 
demonstrated that H. scronus could release these compounds into the 
fluid phase at physiological temperature. Our data suggested that 
guanine and adenine were the major suppressive components in HElF-37 
while guanine and GMP were the primary components involved in the 
suppression by HElF-60. Guanine alone accounted for almost half the 
suppressive activity exerted by either bacterial fraction. However, 
it was also noted that the suppressive effect exerted by guanine and 
adenine (or guanine and GMP) did not add together to be equivalent of 
the suppressive effect of HElF-37 (or HElF-60), This is probably due 
to the partial solubility of guanine in aqueous solution with neutral 
pH. When the stock solution of guanine (10 mM, pH 12.5) was diluted 
in PBS to the concentrations used (e.g., 0.42 mM which gives the final 
concentration of 70 uM in the reaction mixture), some precipitation 
occurred due to the pH change. Therefore, the actual concentration 
of pure guanine used in the iodination assay could be lower than that 
of guanine in the bacterial extracts in which other components may 
maintain the solubility of guanine through intermolecular interaction. 
Nevertheless, we can not totally exclude the possibility that there is 
yet another unidentified suppressive component in the H. somnus 
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fractions. 
Recently, results of the study by Riches et al, (11) indicated 
that adenosine, AMP, ADP, ATP, and related structural analogues of 
adenosine were inhibitory to lysosomal secretion by mouse macrophages. 
Guanosine was one of the structural analogues that vras found to be 
inhibitory. The functional assay used in that study was different 
from the one we used in this experimentation; however, both are 
measures of degranulation by phagocytic cells. Therefore, the 
inhibition of mouse macrophage lysosomal secretion by AMP, ADP and 
guanosine observed by Riches et al. was analogous to our findings for 
bovine PMNs. Guanine and adenine were not used in that study. An 
important difference between our observation and those of Riches et 
al, is that adenosine, which was the functional molecule in inhibiting 
lysosomal secretion of mouse macrophages (since AMP, ADP and ATP had 
to be converted to adenosine by 5'-nucleotidase in order to exert the 
inhibitory effect) was not significantly suppressive to iodination by 
bovine PMNs (data not shown), This is probably due to our use of a 
different cell type from a different species of animal. 
The iodination reaction used here evaluates the activity of the 
myeloperoxidase-hydrogen peroxide-hal ide antibacterial system of the 
neutrophil. The ability of H. satinus to inhibit neutrophil iodination 
through the elaboration of purine nucleotides or bases may be 
important for its intracellular survival, Czuprynski and Hamilton 
have recently reported that opsonized ti. scmnus is readily ingested by 
bovine neutrophils, but is not killed by them (4), 
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Subcellular fractions isolated fran Brucella abortus and 
Rhodococcus equi in a similar manner as fron H. sonnus were reported 
to be inhibitory to iodination by bovine PMNs or equine PMNs 
respectively (3, 5). Both of these bacteria are also able to survive 
within phagocytes. The B. abortus fraction also contained GMP and 
adenine as neutrophil suppressive canponents (2) and was found to 
inhibit peroxidase-positive granule degranulation but not peroxidase-
negative granule degranulation by electron microscopic morphoraetric 
analysis (1). 
The observations that guanine and adenine are apparently released 
by FK somnus at 37 C and that guanine and adenine inhibit the 
myeloperoxidase-hyirogen peroxide-halide antibacterial activity of the 
PMN (apparently through inhibition of primary granule degranulation) 
were both unexpected. It may seem less surprising if one considers 
that a bacterium destroyed within the j^ agolysosane would be expected 
to be degraded by lysosomal hjdrolytic enzymes which would liberate 
nucleotides, nucleosides, and bases fran intracellular RNA. These 
substances may then serve as a signal to stop degranulation into the 
phagolysosome containing degraded bacteria, thus conserving the 
remaining lysoscmes, A bacterium which has evolved to release purines 
into its surroundings may be able to inhibit phagosome-lysosane fusion 
and enhance its intracellular survival by being "perceived" by the 
phagocyte as already degraded. It would appear to be advantageous to 
H. somnus to utilize purines or purine nucleotides as virulence 
factors since under normal conditions the host immune system could not 
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be induced to produce humoral or cell-mediated immunity to those 
compounds due to their small molecular size. The role of purines and 
purine nucleotides as potential virulence factors of H. somnus and 
their mechanism(s) of action require further investigation. 
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SECTION II. SPECIFICITY OF ANT I-RIBONUCLEOTIDE AND ANTI-
RIBONUCLEOSIDE ANTIBODIES PRODUCED IN CATTLE 
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SUMMARY 
Groups of Holstein calves were iomiunized with guanosine 5'-
monophosfdiate (GMP)-keyhole limpet hamocyanin conjugate (GMP-KLH), 
guanosine-KLH, or aâenosine-KLH. High titers of antibody to GMP, 
guanosine, or adenosine developed following the administration of two 
doses of each antigen. The serum antibody responses appeared to be 
highly specific. Anti-GMP antibody crossreacted only with deoxy-GMP. 
In contrast, anti-guanosine antibody crossreacted with deoxguanosine, 
guanine, ©IP, and yeast RNA but not with adenosine or adenine. 
Similarly, anti-adenosine antibody crossreacted with deoxyadenosine, 
adenine, AMP, and yeast RNA but not with guanosine or guanine. 
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INTRODTCTION 
We have previously demonstrated that guanine, guanosine 5'-
monophosphate (GMP), and adenine elaborated by Haemophilus sannus are 
suppressive to the iodination of protein by bovine polymorphonuclear 
leukocytes (PMNs) in an in vitro system (1). Presumably, these 
compounds are virulence factors which enhance resistance of H. sannus 
to killing by PMNs, Furthermore, they probably remain undetected by 
the immune system during the course of bacterial infection due to 
their noniitmunogenic nature (2). One possible approach to counteract 
the suppressive effects of guanine, GMP, and adenine would be to 
induce antibodies vAiich can recognize and neutralize them in cattle. 
Although the induction of anti-ribonucleotide and anti-ribonucleoside 
antibodies in rabbits has been documented (3,5,6), there is no 
information regarding the induction of such antibodies in cattle. In 
the study reported here, we induced anti-OŒ>, anti-guanosine, and 
anti-adenosine antibodies in cattle and examined the crossreactivity 
of these antibodies with several structural analogues of GMP, 
guanosine, and adenine. 
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MATERIALS AND METHODS 
Chemicals and reagents 
Guanosine 5'-monophosphate (GMP, free acid), deoxyguanosine 5'-
monophosphate (dGMP, free acid), guanosine, deoxyguanosine (d 
guanosine), guanine, adenosine 5'-monophosphate (AMP, free acid), 
adenosine, deoxyadenosine (d adenosine), adenine, yeast ribonucleic 
acid (EINA, Type XI), bovine serum albumin (BSA), ovalbtmin, keyhole 
limpet hemocyanin (KLH), Freund's incomplete adjuvant (FIA), Tween 80, 
and 2,2'-azinodi-(3-ethylbenzthiazoline sulfonic acid) (ABTS) were 
purchased from Sigma Chemical Company, St. Louis, MO, Peroxidase-
conjogated goat anti-bovine IgG was purchased from Cappel 
Laboratories, Cochranville, PA, 
Preparation of antigens 
GMP-, guanosine-, and adenosine-protein conjugates were prepared 
according to the method of Erlanger and Beiser (3), Briefly, hapten 
(100 mg) was dissolved in 10 ml of 0.05 M NalO^  and allowed to stand 
20 min at room temperature. Excess NalO^  was decomposed by the 
addition of 0.3 ml of 1.0 M ethylene glycol followed by a 5 min 
incubation at roan temperature. The reaction mixture was then added, 
with stirring, to an aqueous solution (10 ml) of 280 rag of carrier 
protein which had been adjusted to pH 9,0-9,5 with 5% K^ cOg, Stirring 
was continued for 45 min, while the pH was maintained at 9,0-9,5 with 
5% KgCOg, A solution of 150 mg of NaBH^  in 10 ml of H2O was then 
added and the reaction mixture was held at 4 C for 18 h. Five ml of 
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1.0 M HCOOH was added and 1 h later the gdi was adjusted to 8.5 with 
1.0 M NH^ OH. The solution was then dialyzed against HgO, lyophilized 
and stored at -70 C. In the preparation of guanosine- and adenosine-
protein conjugates, the addition of HCOOH and subsequent adjustment of 
pH with NH^ OH was omitted to avoid precipitation. The reaction scheme 
of the coupling is shown in Fig. 1. 
Immunization of cattle 
Twelve 3- to 5-month old Holstein calves (two for each antigen 
preparation) were immunized 3 times subcutaneously at one-week 
intervals and bled on the day of the first injection and one week 
after the second and the third injection. Each injection dose 
consisted of 1 mg of antigen which was either anulsified in FIA (GMP-
KLH, guanosine-KLH, adenosine-KLH, guanosine-adenosine-KLH, or 
guanosine-ovalbumin) or was absorbed on alum (guanosine-ovalbunin). 
Enzyme-linked immunosorbent assay (ELISA) 
Serum antibody responses were measured by an ELISA. Allquots (100 
ul) of antigen (GMP-BSA, guanosine-BSA, or adenosine-BSA; 50 ug/ml) in 
0.05 M carbonate buffer (£« 9.6) were adsorbed to microtitration 
plates (Immulon 2, Dynatech Laboratories, Inc., Alexandria, VA) 
overnight at 37 C. Unadsorbed antigen was removed by washing with a 
solution containing 0.5 M sodinn chloride, 0.012 M monobasic sodium 
monophosphate, 0.03 M dibasic sodium phosphate, and 0.5% Tween 80, pH 
7.2. Following ranoval of unadsorbed antigen, serial four-fold 
dilutions of pre- and postimmunization serons in phosphate buffered 
saline solution (PBS, pH 7.2) containing 0.05% Tween 80 were added to 
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FIG. 1. Reaction scheme of coupling of ribonucleotide with protein 
by the periodate method 
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all wells except the outermost ones and incubated at 37 C for 20 min. 
The plates were washed and 50 ul of peroxidase-conjugated goat anti-
bovine IgG (diluted 1:2,000 in PBS) was added to each well. Following 
incubation at 37 C for 15 min, the plates were washed and 100 ul of 
substrate solution containing 0,1 mM and 0.4 mM ABTS in 0.05 M 
citric acid (jSi 4.0) was added to each well. The plates were 
incubated at 37 C for 20 min and the color development was stopped by 
adding 50 ul of 0.5% hy3rofluoric acid. Optical density (OD) was 
measured with an ELI SA reader with a wavelength of 405 im. The 
highest dilution of immune serum that had a mean OD (from 3 
measurements) that was three standard deviations or more higher than 
the mean OD of preimmune serum was taken as the titer of that immune 
serum. 
Specificities of anti-GMP, anti-guanosine, and anti-adenosine 
antibodies 
The specificities of anti-GMP, anti-guanosine, and anti-adenosine 
antibodies were determined by inhibition of antibody binding to 
homologous antigen by free haptens. Serial two-fold diluted pre immune 
or immune serums were mixed with an equal volume of each free hapten 
in PBS (1 mM except yeast RNA which was 2 mg/ml) or of PBS used as the 
control. When guanine was used as blocking hapten, a stock solution 
(10 mM) of guanine was prepared in 50 uM KOH and was further diluted 
to 1 mM by adding PBS. Fifty uM KOH was diluted in PBS (1:10 
dilution) and used as the control for guanine. The inhibition of 
antibody binding was measured by ELISA. The results were expressed as 
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percentage of inhibition as calculated by the following formula: 
% of Inhibition = (l-((A-B)/(C-D))) x 100 
where, 
A = OD for immune serum + blocking antigen. 
B = OD for preimnune serum + blocking antigen, 
C = OD for immune servm + PBS. 
D = OD for pre immune serum + PBS. 
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RESULTS 
Serum antibody responses to GMP, guanosine# and adenosine 
The serun antibody responses to GMP, guanosine, and adenosine in 
cattle iiranunized with GMP-KLH, guanosine-KLH, and adaiosine-KLH 
respectively are shown in Table 1, The antibody responses to GMP, 
guanosine or adenosine usually could be detected after the second dose 
and a further increase in antibody titer was observed for some animals 
after the third injection. To determine if the carrier protein and 
the adjuvant would influence the induction of antibody response, we 
iirmunized two calves with the guanosine-ovalbumin emulsified in FIA 
and another two calves with the same immunogen adsorbed to alun. The 
antibody response to guanosine in these calves is shown in Table 2. 
The results indicated that guanosine-ovalbumin was as immunogenic as 
guanosine-KLH; and that FIA was a more effective adjuvant than alum. 
Specificities of anti-GMP, anti-guanosine, and anti-adenosine 
antibodies 
The specificities of anti-GMP, anti-guanosine, and anti-adenosine 
antibodies were demonstrated by the free hapten inhibition technique. 
The results indicated that anti-GMP antibody was highly specific since 
only ŒP and dGMP could inhibit the binding of anti-GMP antibody to 
immobilized GMP-BSA (Fig. 2). In contrast, anti-guanos ine antibody 
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TABLE 1. Serum anti-GMP, anti-guanosine, or anti-adenosine antibody 
titers in cattle immunized with GMP-KLH, guanosine-KLH, 
or adenosine-KLH. The antibody titers were measured by 
an ELISA 
Antibody Titer® 
Iimunogen 1 wk after 2nd dose 1 wk after 3rd dose 
GMP-KLH 1 itig 
in FIA 
25,600 
25,600 
102,400 
102,400 
Guanosine-KLH 1 mg 1,600 1,600 
in FIA 25,600 25,600 
Adenosine-KLH 1 mg 1,600 25,600 
in FIA 1,600 1,600 
Values expressed as reciprocal of serum dilution. 
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TABLE 2. Serum anti-guanosine antibody titers in cattle immunized 
with guanosine-ovalbumin. The antibody titers were 
measured by an ELISA 
Antibody Titer^  
Immunogen 1 wk after 2nd dose 1 wk after 3rd dose 
Guanosine-Ovalbumin 1,600 6,400 
1 mg in FIA 1,600 6,400 
Guanosine-Ovalbumin 100 100 
1 mg in alun 400 1,600 
Values expressed as reciprocal of serum dilution. 
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FIG, 3. Specificity of bovine anti-guanosine antibody determined by 
free hapten inhibition. The concentrations of the blocking 
antigens and the dilution of serums were the same as those 
described in the legend to Fig. 2 
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FIG. 4. Specificity of bovine anti-adenosine antibody determined by 
free hapten inhibition. The concentrations of the blocking 
antigens and the dilution of serums were the same as those 
described in the legend to Fig. 2 
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crossreacted with guanine, GMP, and yeast RNA; however, restricted 
specificity of anti-guanosine antibody was still observed since the 
antibody binding was not affected by adenosine or adenine (Pig. 3). 
Similarlyf anti-adenosine antibody crossreacted with adenine, AMP, 
and yeast RNA but not with guanosine or guanine (Fig, 4). It was also 
found that the binding of anti-GMP antibody vas inhibited more by dGMP 
than by GMP (Fig. 2). Similar findings were observed for the 
inhibition of anti-guanosine or anti-adenosine antibody (Figs. 3 and 
4). 
Serum antibody responses to guanosine and adenosine in cattle 
immunized with guanosine-adenosine-KLH 
The demonstration that anti-ribonucleoside antibodies (anti-
guanosine or anti-adenosine) crossreacted with corresponding 
ribonucleotide and base (GMP and guanine or AMP and adenine) would 
suggest that if an individual animal can be induced to produce anti-
guanosine and anti-adenosine antibodies, then these antibodies would 
recognize GMP, guanine, and adenine which were identified as bovine 
PMN inhibitory factors (1). To determine if the antibody response to 
both ribonucleosides can be induced simultaneously, we immunized two 
calves with guanosine-adenosine-KLH (v^ ich was prepared by linking 
mixtures of guanosine and adenosine to KLH) and measured the antibody 
responses to guanosine and adenosine. The results showed that 
antibody responses to both guanosine and adenosine were induced (Table 
3). 
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TABLE 3, Serum anti-guanosine or anti-adenosine antibody titers 
in cattle immunized with guanosine-adenosine-KLH, The 
antibody titers were measured by an EL ISA 
ELISA Antigen 
Antibody Titer= 
1 wk after 2nd dose 1 wk after 3rd dose 
Guanosine-BSA 
Adenosine-BSA 
1,600 6,400 
1,600 6,400 
1,600 1,600 
6,400 6,400 
Values expressed as reciprocal of serum dilution. 
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DISCUSSION 
In this study, we have denonstrated that serum anti-ribonucleotide 
or anti-ribonucleoside antibody could be induced in cattle by 
immunizing the animals with r ibonucleo t ide-pro te in or ribonucleoside-
protein conjugates. Although the magnitude of immune responses varied 
from animal to animal, in general, good antibody responses were 
achievable after administration of two or three doses. A good 
antibody response to each individual immunogen was also observed vAien 
the animals were immunized with a mixture of immunogens. Although our 
data suggest that the adjuvant influences the induction of antibody 
responses, definite conclusions can not be drawn here due to the 
limited nunber of animals used. Confirmation of the influence of 
adjuvant on the immune response needs further study using a large 
nunber of animals. 
The highly restricted specificities of bovine anti-GMP, anti-
guanosine, and anti-adenosine antibodies are similar to the previous 
findings in rabbits (3). The binding specificities of anti-GMP, anti-
guanosine, and anti-adenosine antibodies would suggest that the 
epitope in ŒP resides in the ribose-^ osphate and the guanine base 
whereas the epitopes in guanosine and adenosine are in ribose and 
purine bases. This is different from autoantibodies in patients with 
systemic lupus erythematosus in which the epitope resides in the 
sugar-fAiosphate of the polynucleotide (7 ). 
The crossreaction of anti-ribonucleoside antibodies with their 
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corresponding purine bases is desirable since we have not been able to 
elicit specific antibodies to guanine or adenine by immunizing cattle 
with guanine-KLH or adenine-iECLH conjugate which was prepared by the 
method of Halloran and Parker (4) using carbodiimide as coupling 
reagent (data not shown). Although the immune serums raised against 
guanine-KLH and against adenine-KLH reacted with the immobilized 
guanine-BSA or adenine-BSA respectively (detected by ELISA), the 
addition of free guanine or adenine failed to block the reaction 
suggesting the antibodies in the immune serums reacted with the 
antigenic components other than guanine or adenine. 
Our results indicated that anti-ribonucleoside antibodies but not 
anti-ribonucleotide antibody crossreacted with yeast RNA, which is 
inferred frcm the inhibition of binding of antibodies to their 
homologous antigens by yeast RNA. It is not clear vAiy there was no 
crossreaction between anti-GMP antibody and yeast RNA. Presumably, 
the ribonucleotide within the polynucleotide chain has a different 
configuration from that of the native ribonucleotide. Rosenberg et 
al. studied the reactivity of antibodies to four major RNA components 
with several RNA preparations and found that only anti-adenosine 
antibody reacted with all RNA preparations tested provided that the 
ribonuclease activity in the serum was eliminated by the addition of 
(6)' No reactivity of RNA with antibody to guanosine, cytidine 
or uridine was observed under identical conditions. However, a recent 
study indicated, similar to our finding, that anti-guanosine antibody 
could bind to RNA (5). 
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When ribonucleotide or ribonucleoside is covalently linked to 
carrier protein through periodate oxidation, the resulting haptenic 
group is structurally similar to deoxyr ibonucleotide or 
deoxyribonucleoside (3). This could explain vAiy the binding of anti-
ribonucleotide or anti-ribonucleoside antibody to the homologous 
antigen was affected more by free deoxyribonucleotide or 
deoxyribonucleoside than by ribonucleotide or ribonucleoside. 
However, the study by Iswari and Jacob denonstrated that the binding 
of anti-guanosine antibody to guanosine oxidized with NalO^  and 
reduced with NaBH^  was inhibited more by free guanosine than by free 
deoxyguanosine (5). The cause for the discrepant findings is not 
clear. 
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SECTION III. M RNA-RICH FRACTION ISOLATED FROM Haemophilus somnus IS 
INHIBITORY TO BOVINE POLYMORPHONUCLEAR LEUKOCYTE FUNCTIONS 
89 
SUMARY 
A fraction isolated from Haemophilus scmnus by heat-extraction at 
60 C and partially purified by ultrafiltration inhibited ingestion of 
Staphylococcus aureus and iodination of protein by bovine 
polymorphonuclear leukocytes. Much of the suppressive activity was 
present in a fraction (P3) purified by anion exchange high performance 
liquid chromatography (HPLC). Chemical analyses indicated that F3 was 
predominantly ribonucleic acid (RNA). Fractionation of F3 by reverse-
phase HPLC resulted in six subfractions (F3a-f) each of which was 
composed primarily of RNA. One of the them (F3e), which was the 
predominant subfraction of F3 on a dry weight basis, was responsible 
for most of the suppression of ingestion. All the subfractions except 
F3c were significantly suppressive to iodination (p < 0.05) and the 
suppression of iodination caused by F3 was attributed to the 
cumulative effect of all six subfractions. The RNA in F3 was shown to 
be single-stranded. Absorption of anti-F3 serum (which contained 
antibodies to RNA component in P3) with Formalin-killed H. somnus 
removed significant quantities of antibodies (p < 0.05) suggesting the 
presence of RNA on the surface of H, somnus cells. The observation 
that other RNA preparations, in addition to H. somnus E(NA, also 
suppressed ingestion and iodination by bovine PMNs indicated that the 
suppression of ingestion and iodination by RNA is a generalized 
phenomenon. 
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INTRODUCTION 
Our previous studies have indicated that live Haemophilus soronus 
inhibits Staphylococcus aureus ingestion and myeloperoxidase-hydrogen 
perox ide-halide-mediated iodination by bovine polymorphonuclear 
leukocytes (PMNs) but does not affect PMN oxidative metabolism. Much 
of the PMN suppressive activity is present in two subcellular 
fractions isolated by heat-extraction and partially purified by 
ultrafiltration (9). Since both affected functions of PMNs are 
crucial for counteracting bacterial infection, the PMN suppressive 
components present in those subcellular fractions are probably 
important virulence factors which enable scmnus to resist PMN 
killing (6). 
Identification of the PMN suppressive components is the first step 
to be undertaken to define their role as virulence factors. The 
knowledge of the identities of the suppressive components will 
facilitate the attempt to develop subunit vaccines. Recently, we have 
identified the major suppressive components in the small molecular 
weight subcellular fraction (which inhibits iodination) as guanine and 
adenine or guanine and guanosine 5'-monophosphate (GMP) depending on 
the method of isolation of the fraction (3). 
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In this study, we partially purified and characterized the 
suppressive component in the large molecular weight svJacellular 
fraction which inhibits both ingestion and iodination by bovine PMNs. 
Vfe also present indirect evidence indicating that the suppressive 
component was located on the surface of H. sonnus. 
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MATERIALS AND METHODS 
Bacterial strains and cultivation 
H. sonnus strain 8025 was grown and processed as previously 
described (3), Briefly, 18-24 h cultures of H. somnus in brain heart 
infusion broth (Difco Laboratories, Detroit, MI) supplemented with 
0.5% yeast extract (Difco) and 5% normal bovine serum were inoculated 
to Roux flasks containing the same medium plus 2.5% Bacto agar 
(Difco). Following incubation for 24 h, the bacteria were harvested, 
washed two times, and resuspended in phosphate buffered saline 
solution (PBS, pH 7.2; 10 ml/g of wet weight). 
Preparation of H. somnus fraction 
Washed somnus suspension was heat-extracted at 60 C for 1 h 
followed by centrifugation at 27,000 x g for 20 rain at 4 C. The 
supernatant was collected and centrifuged at 100,000 x g for 3 h at 4 
C. The supernatant (average volume of 70 ml) from the 
ultracentrifugation was filtered under pressurized nitrogen through an 
ultrafiltration membrane with a molecular weight cutoff of 
approximately 300,000 (XM300, Amicon Corporation, Lexington, MA). 
When the volume of solution was reduced to approximately 10 ml, 100 ml 
of distilled water were added and the ultrafiltration was continued 
until the volume was reduced to 10 ml again. This washing process was 
repeated one additional time and the retentate was designated as 
HE300R. The concentrated HE300R was constituted to the original 
volume in PBS or used as it was in high performance liquid 
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chroma togca#iy. 
High performance liquid chromatography (HPLC) 
Anion exchange and reverse-phase HPLC were used to fractionate 
HE300R. A diethyl am inoethyl (DEAE) column (Ultrapac TSK 545, 7.5 x 
150 mm, LKB Instruments, Brona, Sweden) connected with a pcecolunn 
(Ultrapac TSK-GSWP, 7.5 x 75 mm, LKB) was used in anion exchange HPLC. 
A Cj^ g column (uBondapak, 7.8 x 300 ran. Waters Associates, Milford, MA) 
connected with a guard column (Spheri-10 RP-18 MPLC Guard Cartridge, 
Brownlee Labs, Inc., Santa Clara, CA) was used in reverse-gdiase HPLC. 
The wavelength of the detector was 277 nm. 
PMN preparation and PMN function tests 
The procedures for isolating PMNs and evaluating the effect of H. 
sonnus fractions on PMN function have been described previously (3). 
Chanical analyses 
Protein was measured by the method of Lowry et al. (11) using 
bovine serun albunin (Sigma Chemical Co., St. Louis, MO) as a 
standard. Neutral sugars were measured by the phenol-sulfuric acid 
method (7) with glucose as a standard. Ribonucleic acid (RNA) was 
measured by the orcinol assay (12) using yeast RNA (Type XI, Sigma) as 
a standard. Gas chromatography (GC) was used to detect the presence 
of 2-keto-3-deoxyoctonate (KDO) according to the method of Bryn and 
Jantzen (2); however, the GC analysis was conducted on a fused-silica 
capillary column (GB-1, 25 m x 0.25 mm KD, Foxboro/Analabs, North 
Haven CT) operated in split mode. 
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Immunoogenicity of H. sctnnus HPLC fraction 
To raise antiserum against one of the H, sonnus HPLC fractions 
(F3), a Holstein calf was immunized subcutaneously with 1 mg of F3 in 
Freund's incomplete adjuvant. The calf was bled on the day of 
immunization and two weeks later. An enzyme-linked immunosorbent 
assay (ELISA) was used to measure the antibody titer. Fraction number 
3 (F3) Wiich was treated with insoluble trypsin (Sigma) at 37 C for 1 
h followed by dialysis against PBS was used as the ELISA antigen (5 ug 
of RNJ/well). The anti-F3 serum had a titer of 1:6,400 against the 
trypsin-treated F3. 
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RESULTS 
Isolation of the suppressive components in HE300R 
Three fractions were isolated from HE300R separated on the anion 
exchange column (Fig, 1), The separation was accomplished with a 30 
min isocratic elution with 0.1 M NaCl in 25 mM sodiun phosphate buffer 
(pH 6,0) followed by a 70 min linear gradient to 0,8 M NaCl in 25 mM 
sodium phosphate buffer (01 6,0); the flow rate was 1 ml/min. 
Fractions thus eluted were desalted by dialysis against HgO, 
lyophilized, resuspended in ras to one half the starting volume of 
HE300R (to compensate for possible loss during purification) and 
tested for suppressive activity on bovine PMN functions. 
Among those three fractions F3 always had the highest yield 
(typical yield for F3 was 34% of starting material on a dry weight 
basis, 25% for F2, and 8% for Fl) and was found to inhibit both 
aureus ingestion and iodination by bovine PMNs (Fig, 2), Fraction 1 
and 2 also had a significant suppressive effect on one or both 
functional activity of PMNs. However, the suppressive effect of these 
two fractions was much less than that of F3. Consequently, no further 
study of these two fractions was undertaken in this experimentation. 
Since F3 inhibited both functional activities of PMNs, the 
question was raised as to viiether the inhibition of two different 
functional activities was due to a single conponent or multiple 
components. To resolve this question, we further purified F3 by 
fractionation on a reverse-phase HPLC column. The chromatography 
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FIG. 1. Anion exchange HPLC chromatogram of HE300R. The chromato­
graphic conditions were: a 30 min isocratic elution with 0.1 
M NaCl in 25 tnM sodium phosphate buffer (pH 6,0) followed by 
a 70 min linear gradient to 0.8 M NaCl in 25 mM sodium 
phosphate buffer (pH 6.0); the flow rate was 1 ml/min. The 
yield of P3 was about 34% of HE300R on a dry weight basis 
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conditions were: a 10 min isocratic elution with solvent A (10% 
methanol, 10 mM sodium phosphate buffer, £*1 7.6) followed by a 40 min 
linear gradient to 100% of solvent B (methanol) ; the flow rate was 
2ml/min. Fractions eluted were desalted by dialysis, lyophilized, and 
resuspended in PBS to one third the starting volune of HE300R, 
The fractionation of F3 by reverse-phase HPLC generated six 
subfractions (Pig. 3). It was found that F3e had the strongest 
suppressive effect on ingestion followed by F3b and F3d whereas F3a 
enhanced ingestion significantly (P < 0.05) and F3c as well as F3f had 
no significant effect (P > 0.05, Fig. 4). It is noteworthy that the 
actual concentration (ug/ml) of these subfractions in the reaction 
mixture vas 18 for F3a, 58 for F3b, 15 for F3c, 42 for F3d, 167 for 
F3e, and 28 for F3f. As for the effect on iodination, it was found 
that all the components except F3c significantly suppressed iodination 
(P < 0.05) although the suppression was much less in magnitude than 
that of F3. The reduced effect on iodination due to the purification 
of F3 prompted us to investigate if the suppressive effect of P3 on 
iodination was a combined effect of the components present in F3. 
When all the components in F3 were mixed together and the volume of 
each component in the mixture was one half of that of HE300R, it uras 
found that this mixture had a suppressive activity equivalent to that 
of unfractionated F3 (Fig, 5). When F3e and F3f were excluded 
stepwise from the mixture and replaced with PBS, the suppressive 
activity of the mixture was still compatible to that of F3; however, 
v\^ en any of the ranaining four components (P3a-d) was excluded from 
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FIG, 2, Effect of H. sannus fractions on S. aureus ingestion 
and iodination of protein by bovine PMNs. The results are 
expressed as mean percentage of control + SE from 5 PMN 
preparations. Level of statistical significance of the 
difference between the treatment values and the untreated 
controls is indicated as p < 0,05; **, p< 0.01 
99 
F3b 
F3e 
F3f 
F3a 
Time (min) 
. 3. Reverse-phase HPLC chrcmatogram of F3. The chromatographic 
conditions were: a 10 min isocratic elution with solvent A 
(10% methanol in 10 mM sodium phosphate buffer, pH 7.6) 
followed by a 40 min linear gradient to 100% of solvent B 
(methanol); the flow rate was 2 ml/min 
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FIG. 4. Effect of H. somnus HPLC fractions on S. aureus 
ingestion and iodination of protein by bovine PMNs. The 
results are expressed as mean percentage of control +_ SE 
from 6 PMN preparations. Level of statistical significance 
of the difference between the treatment values and the 
untreated controls is indicated as p < 0.05; **, p < 0.01 
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FIG. 5. Cumulative effect of subfractions of F3 on iodination of 
protein by bovine PMNs. The results are expressed as mean 
percentage of control + SE from 3 PMN preparations except 
those for F3 and F3a + b + c + d (from 6 PMN preparations). 
Level of statistical significance of the difference between 
the treatment values and the untreated controls is indicated 
as p < 0.05; **, p < 0.01 
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the mixture, a significant reduction of suppression was observed as 
compared to F3 (P < 0.05). 
Characterization of F3 
Chemical analyses showed that F3 contained about 6% protein and 
24% carbohydrate. Gas chromatographic analysis did not detect any KDO 
in F3. The ultraviolet (UV) spectrum of F3 indicated that it had a 
maximal UV absorbance at 260 nm suggesting nucleic acid was the 
predominant component in F3. This was confirmed when F3 was analyzed 
for RNA content (118%) using the orcinol assay (Table 1). The 
subfractions of F3 had conpositions very similar to F3 (Table 1). The 
pentose in RNA probably accounted for most of the carbohydrate 
content. 
When RNA in F3 was examined to determine if it was double-stranded 
(according to the methods described elsevdiere [5,10]), F3 (20 ug/ml) 
had an increased UV absorbance after exposure to a low concentration 
of ribonuclease A (Type I-A, Sigma, 0.2 ug/ml) at room temperature for 
1 h. Also, increased hyperchromicity was noted after F3 was incubated 
with 1.5% formaldehyde at 37 C for 2 h but not after thermal 
denaturation (98 C for 10 min then cooled rapidly in ice; Table 2) 
indicating that the RNA in F3 was predominantly single-stranded. Calf 
thymus deoxyribonucleic acid was used as a control for double-stranded 
nucleic acid. 
To determine if the immune serum against F3 contained antibodies 
to the RNA component in F3, the antibody binding to trypsin-treated F3 
was compared with the antibody binding to F3 treated with both trypsin 
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TABLE 1. Protein, carbohydrate and RNA contents® of HPLC 
fractions of H. somnus 
H. somnus fraction Protein Carbohydrate RNA 
F3 6 24 118 
F3a 2 29 130 
P3b 1 20 103 
F3c <1 25 114 
F3d <1 34 164 
F3e <1 28 131 
F3f 2 31 138 
Values expressed as % of dry weight. RNA was measured by 
the orcinol assay using yeast RNA as a standard. 
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TABLE 2. Increased hyperchromicity® of RNA in F3 resulted from 
RNase and formaldehyde treatments 
Treatment 
Sample Heat Denaturation RNase Formaldehyde 
0.265 + 0.009 0.285 + 0.013^  0.290 + 0.001^  
F3 
(0.258 + 0.008) (0.255 + 0.005) (0.262 + 0.010) 
0.385+0.031^  0.308+0.003 0.332 + 0.008 
Calf thymus 
DMA (0.315 + 0.009) (0.300 + 0.013) (0.323 + 0.006) 
R^esults expressed as mean absorbance at 260 m + SD. Values 
in parentheses represent the measurements of untreated controls. 
S^tatistically significant difference exists between the treatmait 
value and the untreated control (P<0.05; n = 3). 
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and ribonuclease A, A significant reduction of antibody binding due 
to ribonuclease A treatment was observed (p < 0.05, data not shown). 
The antibodies to H. somnus RNA were specific since no crossreaction 
with yeast RNA, Escherichia coli transfer RNA (Sigma) or E, coli 
ribosonal RNA (Sigma) was detected. This also confirmed that the 
binding of antibodies to H, somnus RNA was not due to nonspecific 
electrostatic force due to the charge of RNA. 
The finding that the predominant composition of the major 
suppressive component in HE300R was RNA raised the question of whether 
the RNA was released due to the lysis of H. somnus or was located on 
the surface of H. s annus and released by heat-extraction at 60 C. To 
determine if H. s annus has RNA on its surface, we absorbed bovine 
anti-F3 serum with Formalin-killed H, somnus cells and retitrated the 
antiserum for antibody content. Formalin-killed H. sannus cells were 
prepared by washing, resuspending H. sannus (24 h culture) in 0.15% 
Formalin in PBS, and incubating for 48 h at 37 C. The absorption of 
anti-F3 serum with Formalin-killed H. sannus was conducted by 
resuspending wshed Formal in-killed bacteria (0.3 mg of wet weight) in 
1 ml of immune or preiitmune serum (diluted 1:10 in PBS) and incubating 
at 37 C for 30 min followed by centrifugation. The supernatant serum 
was then absorbed with Formalin-killed H. sannus two more times. The 
removal of antibodies by absorption was determined by canparing the 
ELISA optical density (OD) reading for absorbed serum with that for 
unabsorbed serun at several serum dilutions (serial twofold dilutions 
ranging from 1:100 to 1:1,600). The results were expressed as 
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represents mean percentage of the OD for the unabsorbed 
serum + SE from 3 determinations 
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percentage of the OD for the unabsorbed serum as calculated by the 
following formula: 
% of unabsorbed serum OD = [(A - B) / (C - D)] x 100 
where, A= OD for absorbed immune serum, 
B= OD for absorbed preiitimune serum, 
C= OD for unabsorbed immune serun, 
D= OD for unabsorbed preimmune serum. 
After the immune serum had been absorbed with Formalin-killed H. 
s annus cells, a significant reduction (p < 0.01) of OD measured by 
theELISA was observed for the absorbed immune serum. The percentage 
reduction of OD increased as the serum dilution increased (Fig, 6), 
Thus, the results suggest that H, somnus has RNA exposed on its 
surface. 
Effect of other RNA preparations on bovine PMN function 
In order to determine if other RNA preparations have the same 
suppressive effects as those of H, somnus RNA, we examined yeast RNA, 
calf liver RNA (Sigma), E. coli tRNA, rabbit liver rRNA (Sigma), and 
an F3 isolated frcm H, sonnus 156-83 (a clinical isolate obtained from 
Dr, J, J. Andrews, Veterinary Diagnostic Laboratory, Iowa State 
University) by the same methods as used for F3 frcm strain 8025 to 
determine their effects on ingestion and iodination. The chemical 
composition of F3 from 156-83 was similar to that of F3 froti 8025, 
All RNA preparations significantly suppressed ingestion at the 
concentration of 200 ug/ml in the reaction mixture; at the 
concentration of 25 ug/ml, only calf liver RNA was significantly 
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suppressive (Fig. 7). In contrast, all RNA preparations significantly 
inhibited iodination at both concentration levels (Fig. 8). These 
results indicate that suppression of ingestion and iodination is a 
general property of RNA. 
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FIG. 7. Effect of several RNA preparations on S. aureus ingestion 
by bovine PMNs. The striped bars represent sample 
concentration of 200 ug/ml in the reaction mixture and the 
hatched bars represent sample concentration of 25 ug/ml. The 
results are expressed as mean percentage of control + SE 
from 5 PMN preparations. Level of statistical significance 
of the difference between the treatment values and the 
untreated controls is indicated as p< 0,05; **» p < 0,01 
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FIG. 8. Effect of several RNA preparations on iodination of protein 
by bovine PMNs. The concentrations of samples were the same 
as described in the legend to Fig. 7. The results are 
expressed as mean percentage of control SE fran 5 PMN 
préparatios. Level of statistical significance of the 
difference between the treatment values and the untreated 
controls is indicated as *, p < 0.05; **, p < 0.01 
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DISCUSSION 
The present study demonstrated that RNA present in HE300R was 
responsible for most of the suppressive effect on both ingestion and 
iodination by bovine PMNs. We also demonstrated that this PMN 
suppressive activity is not unique to H. soninus RNA since various RNA 
preparations from different molecular species or sources possess the 
same suppressive activity. Based on our data, it seans that the 
suppression of ingestion by RNA has a more stringent dose-response 
relationship than that in the suppression of iodination. Thus, F3e 
which had the highest concentration on a dry weight basis had the 
strongest suppressive effect on ingestion but not on iodination. 
Our results indicated that H. scmnus has RNA exposed on its 
surface since absorption of anti-F3 serum with Formalin-killed H. 
scmnus cells removed the antibodies to RNA, Two observations 
suggested that the anti-F3 serum contained anti-RNA antibodies. 
First, the test antigen used in the ELISA had been treated with 
trypsin to attempt to digest any protein component in F3 and 
significant reduction of protein content in such treated F3 was 
observed, indicating that digestion of protein did occur; thus, the 
binding of antibodies was largely to components in F3 other than 
protein. Secondly, treatment of test antigen with ribonuclease A, 
which would digest the E^ NA canponent in F3, caused a significant 
reduction in antibody binding. The failure of absorption to remove 
anti-RNA antibodies quantitatively could be due to the presence of 
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antigenic specificities in the isolated F3 (*iich the RNA on the 
surface of H. sannus lacks. 
We have previously demonstrated that several of the constituent 
components of RNA were suppressive to iodination of protein by bovine 
PMNs. Specifically, GMP, guanine, and adenine elaborated by H. scmnus 
were found to suppress iodination by PMNs (3). It is possible that 
GMP, guanine, and adenine as well as other ribonucleotides and bases 
released by H. scmnus may be derived frcm the degradation of surface 
RNA through the action of ribonuclease. It is also possible that the 
suppression of iodination caused by F3 was due to the degraded 
products of RNA rather than the intact RNA molecule since no attempt 
was made to prevent the degradation of RNA during the isolation and 
processing of F3. The presence of degraded products of RNA in F3 and 
its subfractions may also account for the detection of over 100% of 
RNA content in these fractions since it has been reported that 
adenylic acid has higher extinction in the orcinol reaction (4) than 
an equivalent amount of RNA, 
The mechanism v\^ ereby H, somnus RNA suppresses ingestion by bovine 
PMN is not known. Results from two studies have shown that RNA and 
other anionic materials can inhibit the enhancing activity of cationic 
proteins on phagocytosis (1, 17). The observation that other RNA 
preparations, in addition to H, sannus, were also inhibitory to 
ingestion by bovine PMNs would suggest the polyanionic nature of RNA 
is probably responsible for the suppression of ingestion. It has been 
reported that polyanions such as sulfatides, suramin, or dextran 
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sulfate interfere with the formation of the phagolysosome in 
phagocytic cells (8). Threfore, the polyanionic character of RNA may 
also be related to its suppressive effect on iodination. 
In addition to its suppressive effects on bovine functions, H. 
somnus surface RNA may be a source of purine and pyrimidine bases for 
microorganisms such as mycoplasnas (18) which lack the capability of 
de novo synthesis of purine and pyrimidine bases. Several stu3ies 
have identified the presence of nucleases in both soluble and membrane 
fractions of mycoplasma extracts (15,16,19). Nucleases have recently 
been demonstrated to be present on the cell surface of both 
nonpathogenic and pathogenic Mycoplasma sp. (13,14). Furthermore, 
results of a case-control study indicated that Mycoplasma sp, were 
isolated with H, somnus in a very high frequency (100 %) from cattle 
affected with H. scmnus associated pneumonia (S. C. Groom and P. B. 
Little, 66th Annu. Meet. Conf. Res. Workers Anim. Dis., abstr. no. 
240, 1985). 
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GENERAL SUMMARY 
The experimentation reported in this dissertation includes three 
subjects: 1) identification of the suppressive components present in 
two small molecular weight fractions of H. s annus vAiich inhibit the 
iodination of protein by bovine PMNs; 2) induction of antibodies which 
recognize the suppressive components present in the small molecular 
vreight fractions; 3) characterization of the active component present 
in the large molecular weight fraction which inhibits both the 
iodination of protein and S, aureus ingestion. 
Two small molecular weight fractions were isolated from H. somnus 
by heat-extraction at 60 C (HElF-60) or by incubation at 37 C (HElF-
37) of washed cells followed by ultrafiltration. These fractions 
inhibited iodination but not ingestion. The chemical and physical 
characteristics of both fractions (maximal UV absorbance at 260 nm, 
positive reaction to Orcinol reagent and ability to pass through a 
mannbrane with a molecular weight cutoff of 1,000) suggested that these 
fractions might contain nucleotides or nucleotide-like conpounds. The 
components present in each fraction were separated by reverse-phase 
HPLC and were identified by comparing the retention time of unknown 
components with that of known standards. The identity of each 
component was further confirmed by using a different set of 
chromatographic conditions v^ ich is specific for the identification of 
certain compounds (e.g., nucleosides and bases) or by enzymatic 
treatments which resulted in changes in the chromatogram. Both 
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fractions contained the same components vrtiich were ribonucleotides, a 
ribonucleoside, and purine and pyrimidine bases. Most of the 
compounds inhibited iodination in a dose-dependent fashion. 
Subsequently, the concentration of each component in HElF-60 or HElF-
37 was estimated and the effect of each component at that 
concentration on iodination was determined. The results indicated 
that guanine and GMP were responsible for most of the suppression in 
HElF-60 while guanine and adenine were the major suppressive 
components in HElF-37. Although the role of purines and purine 
nucleotides as potential virulence factors of H. soronus requires 
further investigation, it would ag^ ar to be advantageous to H. soronus 
to utilize purines or purine nucleotides as virulence factors due to 
the nonimmunogenic nature of these compounds. 
One possible approach to counteract the suppressive effects of 
guanine, GMP, and adenine would be to induce antibodies which can 
recognize and neutralize these compounds in cattle. In order to 
determine if cattle can be induced to produce antibodies that 
recognize guanine, GMP, and adenine, groups of Holstein calves were 
immunized with GMP-, guanosine- or adenosine-KLH conjugate at one-week 
intervals. The conjugate was prepared by periodate oxidation tdiich 
caused the covalent linkage between the hapten and the carrier 
protein. The antibody response was measured by ELISA. High titers of 
antibody to GMP, guanosine, or adenosine developed following the 
administration of two doses of each antigen. The specificity of 
antibody to GMP, guanosine, or adenosine was determined by a free 
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hapten inhibition assay, Anti-guanosine antibody crossreacted with 
deoxyguanosine, guanine, GMP, and yeast RNA but not with adenosine or 
adenine. Similarly, anti-adenosine antibody crossreacted with 
deoxyadenosine, adenine, AMP, and yeast RNA but not with guanosine or 
guanine. However, anti-GMP antibody was highly specific since it 
crossreacted only with deoxy-QŒ», Antibodies to guanosine and 
adenosine were elicited in calves immunized with guanosine-adenosine-
KLH conjugate. Thus, the results from this study indicated that 
antibodies that recognized ®1P, guanine and adenine could be elicited 
in cattle by vaccination with guanosine-adenosine-KLH conjugate. 
Further studies need to be conducted to determine the efficacy of such 
vaccination in preventing the diseases caused by H, somnus. 
The components present in the large molecular weight fraction 
(HE300R) wsre first separated by anion exchange HPLC. A fraction (F3) 
which eluted last in a linear NaCl gradient was found to contain most 
of the suppressive activity of HE300R. Further fractionation of F3 
by reverse-phase HPLC resulted in six subfractions. Chemical analyses 
indicated that RNA was the predominant component of F3 and its 
subfractions. Other RNA preparations from different sources or 
molecular species were also found to suppress bovine PMN functions. 
Therefore, the results from this study indicated that RNA was the 
active component in HE300R. Bovine antiserum which contained anti-RNA 
antibody was raised by immunizing a calf with F3. Absorption of anti-
F3 serum with Formalin-killed H. somnus cells removed significant 
quantities of antibodies suggesting the presence of RNA on the surface 
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of H. somnus cells. Further studies are required for more direct 
evidence of the presence of surface RNA on H. sonnus. 
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